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EXECUTIVE  SUMMARY 

The  U.S.  Army  Tank  Automotive  Researeh  and  Development  Engineering  Center  (TARDEC) 
desires  to  improve  the  fuel  effieieney  of  the  U.S.  Army  Tactical  Wheeled  Vehicle  (TWV)  fleet. 
This  report  covers  efforts  to  quantify  fuel  efficiency  changes  in  Eight  Tactical-Wheeled  Vehicles 
(ETV)  and  Heavy  Tactical- Wheeled  Vehicles  (HTV)  through  the  use  of  improved  differential/ axle 
lubricants.  This  work  was  conducted  in  support  of  TARDEC’s  Euel  Efficient  Gear  Oil  (EEGO) 
program. 

Eull  scale  vehicle  testing  was  conducted  following  procedures  outlined  in  the  SAE  J1321  Euel 
Consumption  In-Service  Test  Procedure  -  Type  II.  Vehicles  utilized  for  the  ETV  testing  were 
M1151A1  up-armored  High  Mobility  Multipurpose  Wheeled  Vehicles  (HMMWV).  Vehicles 
utilized  for  the  HTV  testing  were  M1070  Heavy  Equipment  Transporters  (HET).  Evaluations  were 
conducted  using  two  unique  synthetic  based  candidate  gear  oils.  The  candidate  lubricants  had 
viscosities  of  75W-90  and  75W-140  respectively,  and  were  compared  against  a  baseline  petroleum 
based  J2360  approved  80W-90  gear  oil.  Testing  was  conducted  on  a  closed  9-mile  paved  test  track 
under  steady  state  highway  driving,  and  a  stop  and  go  transient  driving  conditions. 

Results  demonstrate  that  the  ETV  experiences  an  improvement  in  fuel  consumption  with  both  the 
tested  75W-90  and  75W-140  candidate  lubricants,  with  largest  gains  being  realized  in  the  more 
stop  and  go  transient  driving  cycle.  Eor  the  HTV,  results  supported  that  the  heavier  viscosity  75W- 
140  provided  a  detriment  to  fuel  consumption,  while  the  lighter  75W-90  showed  a  trend  towards 
improved  fuel  consumption. 

Additional  testing  on  a  stationary  axle  efficiency  test  stand  is  recommended  to  further  explore  the 
relationship  of  driveline  mechanical  efficiency  as  a  function  of  both  lubricant  viscosity  and 
driveline  hardware  size  and  loading. 
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1.0  BACKGROUND  &  OBJECTIVE 

The  U.S.  Army  Tank  Automotive  Researeh  and  Development  Engineering  Center  (TARDEC) 
desires  to  improve  the  fuel  effieieney  of  the  U.S.  Army  Taetieal  Wheeled  Vehiele  (TWV)  fleet. 
Optimization  of  driveline  fluids  for  improved  meehanieal  effieieney  has  been  identified  as  a 
potential  souree  of  vehiele  fuel  effieieney  improvement.  Previous  work  has  been  eondueted  to 
measure  fuel  effieieney  ehanges  through  the  use  of  updated  engine,  transmission,  and  axle 
lubrieants  in  Medium  Taetieal-Wheeled  Vehieles  (MTV)  [1,2].  This  report  eovers  efforts  to 
quantify  potential  fuel  effieieney  ehanges  in  Eight  Taetieal-Wheeled  Vehieles  (ETV),  and  Heavy 
Taetieal-Wheeled  Vehieles  (HTV)  with  the  use  of  improved  differential/axle  lubrieants.  All  testing 
was  administered  by  the  government-owned,  eontraetor  operated  (GOCO)  TARDEC  Euels  and 
Eubrieants  Researeh  Eaeility  (TEERE),  loeated  at  Southwest  Researeh  Institute  (SwRI), 
San  Antonio  TX. 


2.0  APPROACH 

The  approaeh  for  this  projeet  was  to  eonduet  full  seale  in-vehiele  fuel  eonsumption  testing  using 
light  and  heavy  taetieal  wheeled  vehieles  in  an  effort  to  determine  differential/axle  lubrieant  impaet 
on  overall  fuel  eonsumption.  Euel  eonsumption  ehanges  were  determined  by  eondueting 
SAE  J1 321 -like  testing  on  two  High  Mobility  Multipurpose  Wheeled  Vehiele  (HMMWV),  and 
two  Heavy  Equipment  Transporter  (HET)  to  measure  differenees  in  response  between  light  and 
heavy  taetieal  wheeled  vehieles.  Changes  in  fuel  eonsumption  were  eompared  against  a  standard 
baseline  differential  lubrieant. 

2.1  Test  Method 

The  test  method  used  for  determining  vehiele  fuel  eonsumption  ehanges  was  based  on  proeedures 
outlined  in  the  SAE  J1321  Euel  Consumption  In-Serviee  Test  Proeedure  -  Type  II  [3].  Some 
deviations  were  made  from  the  eurrent  approved  SAE  JI32I  method  to  remain  eonsistent  with 
previous  testing  [1,2]  whieh  had  been  eondueted  prior  to  the  method’s  most  reeent  2012  revision. 
These  ehanges  are  noted  in  the  applieable  seetions  of  this  report  and  the  attaehed  test  reports. 
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In  general,  an  SAE  J1321  test  eonsists  of  a  baseline  and  test  segments,  where  the  mass  based  fuel 
eonsumption  of  test  and  eontrol  vehieles  are  eompared  to  establish  ehanges  in  fuel  eonsumption 
as  a  funetion  of  some  given  variable  (in  this  case,  differential/axle  lubricant).  For  each  run,  the 
total  mass  based  fuel  consumed  by  each  vehicle  is  measured  and  used  to  form  a  Test-to-Control 
(T/C)  ratio.  To  create  a  complete  segment  (baseline  or  test),  a  minimum  of  three  T/C  ratios  must 
be  measured  to  establish  data  repeatability.  All  T/C  ratios  for  a  respective  baseline  or  test  segment 
are  then  averaged  to  obtain  an  overall  segment  T/C  Ratio.  The  segment  T/C  ratios  are  used  to 
calculate  the  changes  in  fuel  consumption  as  a  function  the  tested  variable.  A  general  outline  of 
the  data  reduction  process  is  shown  in  Table  1.  Consistent  with  the  most  recent  revision  of  the 
SAE  J 1321  procedure,  statistical  analysis  was  conducted  on  measured  data  to  establish  a 
confidence  interval  reported  with  the  final  result. 


Table  1.  SAE  J1321  Testing  Steps 


Baseline  Segment: 

Both  Trucks  Filled 
with  Same  Oil 

Control  Truck  Fuel  Consumed  B1 

Baseline  Run  1 
T/C  Ratio 

Baseline 
Segment 
Average  T/C 
ratio  (all  T/C 
ratios  within  2% 
band) 

Completed  SAE  J1321 
Test  for  Candidate 
Fluid  -  Percent  Fuel 
Saved  or  Fuel 
Consumption 
Improvement  Based 
Upon  Change  in 
Segments  T/C  Ratios 

Test  Truck  Fuel  Consumed  B1 

Control  Truck  Fuel  Consumed  B2 

Baseline  Run  2 
T/C  Ratio 

Test  Truck  Fuel  Consumed  B2 

Control  Truck  Fuel  Consumed  B3 

Baseline  Run  3 
T/C  Ratio 

Test  Truck  Fuel  Consumed  B3 

Test  Segment: 

Test  Truck  Filled 
with  Candidate  Oil, 
Control  Truck 
Remains  Filled  with 
Baseline  Oil 

Control  Truck  Fuel  Consumed  T1 

Test  Run  1  T/C 
Ratio 

Test  Segment 
Average  T/C 
ratio  (all  T/C 
ratios  within  2% 
band) 

Test  Truck  Fuel  Consumed  T 1 

Control  Truck  Fuel  Consumed  T2 

Test  Run  2  T/C 
Ratio 

Test  Truck  Fuel  Consumed  T2 

Control  Truck  Fuel  Consumed  T3 

Test  Run  2  T/C 
Ratio 

Test  Truck  Fuel  Consumed  T3 

%  Improvement  = 


Ave.  Baseline  T /C  Ratio  —  Ave.  Test  T /C  Ratio 
Ave.  Test  T/C  Ratio 


X  100 


Although  not  required  by  the  SAE  J 1321  procedure,  two  separate  baseline  segments  were 
completed  for  the  Army  LTV  and  HTV  evaluations.  This  was  done  to  identify  if  any  base  vehicle 
efficiency  shifts  occurred  during  testing.  One  baseline  was  conducted  at  the  start  of  testing,  while 
the  second  was  conducted  at  the  end  of  testing.  The  general  procedure  was  as  follows: 

•  Baseline  1  (both  test  and  control  trucks  using  baseline  oil) 

•  Test  Segment  1  (test  truck  changed  to  candidate  oil) 

•  Test  Segment  2  (test  truck  changed  to  second  candidate  oil) 

•  Baseline  2  (both  test  and  control  trucks  using  baseline  oil) 
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2.2  Evaluated  Vehicles 

For  the  light  tactical  wheeled  category,  fuel  consumption  testing  was  conducted  using  two  up- 
armored  Ml  151A1  HMMWV’s.  Table  2  outlines  the  technical  data  for  the  two  HMMWV’s  used 
in  the  evaluation.  For  the  heavy  tactical  wheeled  category,  testing  was  conducted  using  two  Ml 070 
HET’s.  Table  3  outlines  the  technical  data  for  the  two  HET’s  used  in  the  evaluation. 


Table  2,  LTV  Technical  Data,  HMMWV,  M1151A1 


Control  Vehicle 

Test  Vehicle 

Model 

M1151A1 

Manufacturer 

AM  General 

VI N 

313564 

313685 

Registration 

NZ2A74 

NZ2A8X 

Manufacture  Year 

12/08 

12/08 

Designation 

TRUCK  1 

TRUCK  2 

Test  Start  Mileage 

2380.6 

2496.3 

Test  Weight 

=13,000  lbs 

=13,000  lbs 

Engine  Information 

General  Engine  Products  (GEP)  6.5L(T) 

190hp  @  3400RPM,  380lbft  @  1700RPM  (diesel) 

Transmission 

General  Transmission  Products  (GTP)  4sp  auto 

Front  Axle 

AM  General  Hypoid  3.08  Differential 

Rear  Axle 

AM  General  Hypoid  3.08  Differential  (liquid  cooled) 

Differential  Ratio 

3.08 

Wheel  End  Reduction 

1.92 

Tires 

37xl2.50R16.5LT  Good  Year 

Wheel  Base 

130" 

Length 

194" 

Width 

91" 

Height 

78.3" 
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Table  3.  HTV  Technical  Data,  MET,  M1070 


Control  Vehicle 

Test  Vehicle 

Model 

M1070 

Manufacturer 

Oshkosh 

VI N 

10TGJ9Y46WS063202 

10TGJ9Y4XWS063266 

Registration 

NU04W8 

NU04Y4 

Manufacture  Year 

7/11 

02/98 

Designation 

TRUCK  1 

TRUCK  2 

Test  Start  Mileage 

3748.5 

11297.8 

Test  Start  Hours 

495.4 

934.1 

Overhaul  SN 

Y46WS063202 

63266 

Overhaul  Date 

7/11 

2/8 

Overhaul  Location 

RRAD 

Oshkosh 

Test  Weight  -Net 

=44,900  lbs 

=44,900  lbs 

Engine  Information 

Detroit  Diesel  Corporation  (DDC)  8V92TA 

500hp  @  2100RPM,  1470lbft  @  2100RPM  (diesel) 

Transmission 

Allison  CLT-754  5sp  auto 

#1  Axle 

Rockwell  SVI  5  MRDIS-FC,  planetary  hub,  7.36:1  overall  ratio 

#2  Axle 

Rockwell  SVI  5  MRTGS-FC,  planetary  hub,  7.36:1  overall  ratio 

#3  Axle 

Rockwell  SVI  5  MRTGS-FC,  planetary  hub,  7.36:1  overall  ratio 

#4  Axle 

Rockwell  SVI  5  MRDIS-FC,  planetary  hub,  7.36:1  overall  ratio 

Differential  Ratio 

1.59:1 

Wheel  End  Reduction 

4.63:1 

Tires 

425/95R20  (16.00R20)  Michelin 

Wheel  Base 

215  in 

Length 

361.6  in 

Width 

102  in  (144  in  mirrors  extended) 

Height 

140.1  in 

2,3  Vehicle  Preparations 

Prior  to  testing,  all  vehicles  underwent  routine  servicing  to  ensure  satisfactory  vehicle  condition. 
This  process  included  (but  was  not  limited  to): 

•  Engine  oil  and  filter  change 

•  Transmission  fluid  and  filter  change 

•  Front  and  rear  axle/differential  fluid  change 

•  Air  and  fuel  filter  change 

•  Wheel  alignment 

•  Repair  of  any  other  noted  deficiencies 
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In  addition  to  the  pre-test  maintenance,  each  vehicle  was  also  retrofitted  with  a  secondary  weigh 
tank  fuel  system  to  help  facilitate  testing.  The  secondary  weigh  tank  system  is  plumbed  in  parallel 
with  the  vehicles  original  fuel  system,  and  allows  the  vehicle  operator  to  select  whether  the  engines 
would  be  fueled  from  the  vehicle’s  original  system,  or  the  secondary  weigh  tank  system.  During 
actual  baseline  or  test  laps,  the  engines  would  operate  from  the  secondary  weigh  tank  so  that  weight 
measurements  of  the  tank  before  and  after  each  lap  could  be  used  to  determine  actual  mass  based 
fuel  consumed.  At  all  other  times  the  vehicle  would  operate  from  their  original  fuel  system.  Figure 
1  and  Figure  2  show  the  weigh  tank  system,  and  auxiliary  fuel  cooler  and  switching  valves  installed 
into  the  LTV.  Figure  3  and  Figure  4  show  the  weight  tank  system  and  auxiliary  fuel  cooler  and 
switching  valves  installed  into  the  HTV. 


Figure  1.  LTV  Weigh  Tank  Attachment 
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Figure  2.  LTV  Secondary  Fuel  Cooler  and  Supply  Plumbing 


Figure  3.  HTV  Weigh  Tank  Attachment 
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Figure  4.  HTV  Secondary  Fuel  Cooler  and  Supply  Plumbing 


In  addition  to  the  above,  the  HTV’s  were  also  retrofitted  with  a  remote  throttle  eontroller  to  allow 
switehing  between  two  different  throttle  inputs  during  operation.  This  allowed  the  use  of  the 
vehieles  standard  aeeelerator  pedal  during  more  transient  type  driving  whieh  required  regular 
ehanges  of  throttle  actuation  by  the  vehicles  operator,  and  use  of  the  remote  throttle  box  to  provide 
a  steady  electronic  throttle  input  during  more  steady  state  type  condition.  Utilizing  the  remote 
throttle  signal  during  steady  state  testing  improved  run  to  run  consistency  and  reduced  driver 
fatigue.  Figure  5  shows  a  photo  of  the  overall  instrumentation  and  controls  mounted  in  the  cabin 
of  the  FITV.  Figure  6  shows  the  auxiliary  throttle  box  installed,  and  Figure  7  shows  the  console 
used  to  switch  between  the  factory  and  auxiliary  fuel  systems  (an  identical  switching  device  was 
also  installed  in  the  LTV’s). 
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Figure  5.  HTV  Instrumentation  and  Controls 


Figure  6.  HTV  Auxiliary  Throttle  Box 
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Figure  7.  HTV  Fuel  System  Switching  Controls 


2,4  Evaluated  Lubricants 

Two  candidate  lubricants  were  provided  by  TARDEC  for  the  SAE  J1321  evaluations.  The  oils 
provided  were  identical  to  those  used  during  earlier  MTV  testing  [1,2],  Both  of  the  candidates 
were  synthetic  based  and  had  viscosities  of  75W-90  and  75W-140  respectively.  Candidate 
performance  was  compared  against  a  common  baseline  fluid.  This  fluid  was  an  SAE  J2360 
approved  petroleum  based  80W-90,  also  consistent  with  previous  testing.  Since  the  HTV  and  LTV 
testing  was  conducted  over  two  different  time  periods,  different  batches  of  these  products  were 
used  during  each  test.  Table  4  lists  the  respective  TELRE  internal  tracking  identities  of  the 
lubricants  used.  For  the  HTV  testing  (which  occurred  prior  to  the  LTV  work),  both  the  baseline 
and  75W-90  candidates  were  made  up  of  two  previous  batches  due  to  limited  availability  at  the 
time  of  testing. 
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Table  4,  Lubricant  Identification  Numbers 


LTV,  M1151A1  HMMWV 

HTV,  M1070  HET 

Baseline  Oil,  80W-90 

L0330868 

L0272251/L0310413 

Candidate  1,  75W-90 

L0332220 

L0310410/L0278907 

Candidate  2,  75W-140 

L0332374 

L0310412 

Table  5  shows  the  general  chemical  and  physical  properties  of  the  lubricants  evaluated. 


Table  5.  General  Lubricant  Chemical  &  Physical  Properties 


Test 

ASTM  Method 

Units 

80W90 

75W140 

75W90 

L0272251 

L0332374 

LO332220 

Elements 

D5185 

Aluminum 

ppm 

<1 

<1 

<1 

Antimony 

ppm 

<1 

<1 

<1 

Barium 

ppm 

<1 

<1 

<1 

Boron 

ppm 

236 

224 

151 

Calcium 

ppm 

6 

<1 

3 

Chromium 

ppm 

<1 

<1 

<1 

Copper 

ppm 

<1 

<1 

<1 

Iron 

ppm 

<1 

<1 

<1 

Lead 

ppm 

<1 

<1 

<1 

Magnesium 

ppm 

<1 

<1 

10 

Manganese 

ppm 

<1 

<1 

<1 

Molybdenum 

ppm 

<1 

<1 

<1 

Nickel 

ppm 

<1 

<1 

<1 

Phosphorus 

ppm 

947 

1331 

1812 

Silicon 

ppm 

<1 

<1 

<1 

Silver 

ppm 

<1 

<1 

<1 

Sodium 

ppm 

<5 

<5 

<5 

Tin 

ppm 

<1 

<1 

<1 

Zinc 

ppm 

2 

<1 

2 

Potassium 

ppm 

<5 

<5 

<5 

Strontium 

ppm 

<1 

<1 

<1 

Vanadium 

ppm 

<1 

<1 

<1 

Titanium 

ppm 

<1 

<1 

<1 

Cadmium 

ppm 

<1 

<1 

<1 

l^nematic  Viscosity 

D445 

Test  Temperature 

°C 

40 

40 

40 

Viscosity 

mrtf/s 

135.62 

178.28 

87.27 

Kinematic  Viscosity 

D445 

Test  Temperature 

°c 

100 

100 

100 

Viscosity 

mnf/s 

14.54 

24.43 

13.97 

Nitrogen  Content 

D4629 

_ erm _ 

982.1 

887.5 

1516.8 

Base  Number  (Buffer  Elid  Point) 

D4739 

1.43 

1.62 

1.86 
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2,5  Test  Facility 

Testing  was  conducted  at  a  remote  facility  in  west  Texas.  The  test  track  utilized  consisted  of  three 
paved  lanes,  and  had  an  overall  length  of  9  miles  start  to  finish.  A  view  of  the  track  from  an 
elevated  observation  area  is  shown  in  Figure  8. 


Figure  8.  Pecos  Test  Track 

Across  the  9  miles  duration  of  the  track,  there  is  an  approximate  46  foot  change  in  elevation.  An 
estimated  elevation  curve  based  on  GPS  data  is  shown  below  in  Figure  9. 


Figure  9.  Test  Track  Approximate  Elevation  Profile 
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2.6  Test  Cycles 

Two  different  test  cycles  were  used  to  determine  changes  in  fuel  consumption.  These  cycles  were 
the  same  as  those  used  during  the  previous  MTV  testing.  The  first  was  a  two  speed  steady  state  or 
“highway  cycle”  where  vehicles  were  operated  for  a  set  distance  at  constant  speeds  to  simulate 
highway  or  convoy  type  operation.  For  the  LTV,  the  two  highway  cycle  speeds  used  were  similar 
to  those  used  in  the  past  MTV  testing.  For  the  HTV,  the  highest  speed  portion  was  reduced  to 
40  mph  to  better  accommodate  the  reduced  top  speed  of  the  HET.  Table  6  provides  the  operating 
speeds  and  distances  for  the  highway  cycle  for  each  vehicle. 


Table  6.  Highway  Test  Cycle  Description 


LTV  Operating 
Conditions 

Vehicie  Speed 

Distance 

1 

25  mph  (40.2  kph) 

22.5  miles  (36.2  km) 

2 

55  mph  (88.5  kph) 

22.5  miles  (36.2  km) 

HTV  Operating 
Conditions 

Vehicle  Speed 

Distance 

1 

25  mph  (40.2  kph) 

22.5  miles  (36.2  km) 

2 

40  mph  (64.4  kph) 

22.5  miles  (36.2  km) 

The  second  cycle  was  a  transient  or  “city  cycle”  used  to  simulate  a  combination  of  stop-and-go 
driving  and  limited  duration  medium  and  high  speed  operation.  This  test  cycle  was  based  on  two 
published  cycles  in  SAE  J1376,  the  “Eocal  Test  Cycle”  and  “Short  Haul  Test  Cycle”  (distances 
were  modified  to  suit  the  9-mile  track).  Details  on  the  transient  test  cycle  are  provided  in  Table  7 
and  Eigure  10  (Note:  In  instances  where  two  “Idle”  steps  occurred  in  the  series,  one  was  eliminated 
from  the  overall  route.  Consistent  with  the  highway  cycle,  the  55  mph  steps  were  reduced  to 
40  mph  for  the  HTV). 
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Table  7.  Transient  Test  Cycle  Description 


Step 

Maneuver 

Total  Distance  (miles) 

Cycle  Type 

0 

Start  Engine 

0.00 

SAE  J1376  Local  Test 
Cycle  #1 

1 

30  Second  Idle 

0.00 

2 

Accelerate  to  and  hold  5  mph 

0.15 

3 

Accelerate  to  and  hold  10  mph 

0.48 

4 

Decelerate  to  0  mph 

0.49 

5 

20  Second  Idle 

- 

6 

Accelerate  to  and  hold  20  mph 

0.97 

7 

Decelerate  to  0  mph 

1.00 

8 

20  Second  Idle 

- 

9 

Accelerate  to  and  hold  30  mph 

1.44 

10 

Decelerate  to  0  mph 

1.50 

11 

20  Second  Idle 

- 

12 

Accelerate  to  and  hold  35  mph 

1.92 

13 

Decelerate  to  0  mph 

2.00 

14 

20  Second  Idle 

- 

15 

Accelerate  to  and  hold  25  mph 

2.56 

16 

Decelerate  to  0  mph 

2.60 

17 

20  Second  Idle 

- 

18 

Accelerate  to  and  hold  15  mph 

2.98 

19 

Decelerate  to  0  mph 

3.00 

20 

20  Second  Idle 

- 

21 

Repeat  Steps  2-20 

6.00 

SAEJ1376  Local  Cycle 
#2 

22 

Repeat  Steps  2-19 

9.00 

SAEJ1376  Local  Cycle 
#3 

23 

60  Second  Idle 

- 

SAE  J1376  Short  Haul 
Cycle  #1 

24 

Accelerate  to  and  hold  25  mph 

15.00 

25 

Accelerate  to  and  hold  35  mph 

21.00 

26 

Accelerate  to  and  hold  55  mph 

27.00 

27 

Decelerate  to  and  hold  25  mph 

33.00 

SAE  J1376  Short  Haul 
Cycle  #2 

28 

Accelerate  to  and  hold  35  mph 

39.00 

29 

Accelerate  to  and  hold  55  mph 

44.80 

30 

Decelerate  to  0  mph 

45.00 

31 

60  Second  Idle 

- 

32 

Shut  off  Engine 

- 
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Transient  Test  Route 


Distance,  miles 

Figure  10.  Transient  Test  Cycle  Plot 

Although  the  distance  of  both  of  these  test  cycles  meet  the  previous  1986  revision  of  the 
SAE  J1321  procedure  for  required  total  distance,  they  both  fall  5  miles  short  of  the  2012  revisions 
minimum  of  50  miles  to  be  considered  official  SAE  J1 321  tests.  For  sake  of  maintaining 
comparison  to  previous  work,  the  cycle  length  was  not  adjusted  and  remained  at  45  miles. 


3.0  RESULTS 

The  following  sections  summarize  the  results  of  the  LTV  and  HTV  fuel  consumption  evaluations. 
Complete  test  reports  and  data  sets  from  the  SwRI  fleet  team  can  be  found  in  the  attached 
appendices. 
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3.1  Light  Tactical  Wheeled  Vehicle 

Table  8  shows  the  aetual  mass  based  fuel  consumption  values,  the  resulting  lap  T/C  ratios,  and  the 
average  segment  T/C  ratios  used  in  the  fuel  consumption  calculations  for  each  of  the  baseline  and 
test  segments  of  the  LTV  evaluation. 


Table  8.  LTV  Fuel  Consumed  and  T/C  Ratios 


Baseline  #1  IHishwavl 

1  Run#l 

Run  #2 

Run  #3  1 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Test  Vehicle 

Control  Vehicle 

Test  Vehicle 

Control  Vehicle 

Test  Vehicle 

Control  Vehicle 

27.55  lbs. 

27.45  lbs. 

27.40  lbs. 

27.45  lbs. 

27.50  lbs. 

27.65  lbs. 

Baseline  (Highway)  T/C  Ratio  #1 

Baseline  (Highway)  T/C  Ratio  #2 

Baseline  (Highway)  T/C  Ratio  #3 

1.0036 

0.9982 

0.9946 

Average  T/C  Ratio  for  Baseline  (Highway)  Segment 

0.9988 

Baseline  #1  ICitvl 

1  Run#l 

Run  #2 

Run  #3  1 

1  29.25  lbs. 

29.50  lbs. 

29.70  lbs. 

29.65  lbs. 

30.95  lbs. 

31.25  lbs.  1 

1  0.9915 

1.0017 

0.9904  1 

0.9945 

Test  Oil  #1  tHighwavi 

1  Run#l 

Run  #2 

Run  #3  1 

1  29.55  lbs. 

29.85  lbs. 

28.25  lbs. 

28.45  lbs. 

27.70  lbs. 

27.95  lbs.  1 

1  0.9899 

0.9930 

0.9911  1 

0.9913 

Test  Oil  #1  fCitvi 

1  Run#l 

Run  #2 

Run  #3  1 

1  29.10  lbs. 

29.80  lbs. 

29.10  lbs. 

29.75  lbs. 

30.10  lbs. 

30.95  lbs.  1 

1  0.9765 

0.9782 

0.9725  1 

0.9757 

Test  Oil  #2  tHighwavi 

1  Run#l 

Run  #2 

Run  #3  1 

1  28.40  lbs. 

28.90  lbs. 

27.90  lbs. 

28.35  lbs. 

27.45  lbs. 

27.80  lbs.  1 

1  0.9827 

0.9841 

0.9874  1 

0.9847 

Test  Oil  #2  fCitvi 

1  Run#l 

Run  #2 

Run  #3  1 

1  29.30  lbs. 

30.20  lbs. 

29.05  lbs. 

29.85  lbs. 

30.00  lbs. 

30.75  lbs.  1 

1  0.9702 

0.9732 

0.9756  1 

0.9730 

Baseline  #2  tHighwavi 

1  Run#l 

Run  #2 

Run  #3  1 

1  28.10  lbs. 

28.10  lbs. 

27.60  lbs. 

27.35  lbs. 

27.75  lbs. 

27.65  lbs.  1 

1  1.0000 

1.0091 

1.0036  1 

1.0043 

Baseline  #2  tCitvi 

1  Run#l 

Run  #2 

Run  #3  1 

1  29.85  lbs. 

29.25  lbs. 

30.65  lbs. 

30.20  lbs. 

30.951bs 

30.45  lbs.  1 

1  1.0205 

1.0149 

1.0164  1 

1  1.0173  1 
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Table  9  shows  the  final  tabulated  fuel  consumption  improvement  values  and  applicable  confidence 
intervals  for  each  of  the  test  oils  compared  to  two  baseline  segements.  Cells  shown  in  grey  identify 
non-statistically  significant  results.  Cells  shown  in  green  identify  statistically  signficiant  fuel 
consumption  improvement.  As  shown,  all  but  one  comparision  yeilds  statistically  improved  fuel 
consumption  for  the  LTV.  Although  not  statistically  significant,  the  comparison  for  baseline  #1 
vs.  test  oil  #1  for  the  highway  cycle  shows  an  indication  of  improvement  similar  to  the  other 
results. 


Table  9.  LTV  Results 


Baseline  1 
(80W90) 

vs. 

Test  Oil  1 
(75W90) 

Highway  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

0.75  % 

±  0.77  % 

Improvement 

0.75  % 

±  0.78  % 

Transient  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.89  % 

±  1.1  % 

Improvement 

1.83  % 

±  1.13  % 

Baseline  1 
(80W90) 

vs. 

Test  Oil  2 
(75W140) 

Highway  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.41  % 

±  0.83  % 

Improvement 

1.43  % 

±  0.84  % 

Transient  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

2.17  % 

±  1.09  % 

Improvement 

2.21  % 

±  1.12  % 

Baseline  2 
(80W90) 

vs. 

Test  Oil  1 

(75W90) 

Highway  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.29  % 

±  0.77  % 

Improvement 

1.3  % 

±  0.78  % 

Transient  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

4.08  % 

±  0.65  % 

Improvement 

4.26  % 

±  0.67  % 

Baseline  2 

(80W90) 

vs. 

Test  Oil  2 

(75W140) 

Highway  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.94  % 

±  0.83  % 

Improvement 

1.98  % 

±  0.85  % 

Transient  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

4.35  % 

±  0.63  % 

Improvement 

4.55  % 

±  0.65  % 

As  seen,  a  greater  benefit  in  fuel  consumption  improvement  was  observed  during  the  city  type 
driving  cycle,  yielding  approximately  two  times  the  improvement  for  a  given  set  of  oils  over  the 
steady  state  highway  type  driving  cycle.  This  result  is  consistent  with  trends  seen  during  the  past 
MTV  testing.  Different  however  is  the  improved  fuel  consumption  observed  with  the  75W-140  in 
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the  LTV,  whereas  past  MTV  testing  showed  a  trend  of  decreased  fuel  efficiency  with  the  increased 
viscosity.  It  is  expected  that  this  change  can  be  attributed  to  the  overall  hardware  size  and  resulting 
lubricant  capacities  between  the  MTV  and  LTV  vehicles,  and  differences  in  internal  unit  loading 
(or  load  normalized  against  hardware  size)  of  the  differentials. 

In  regards  to  lubricant  capacity,  the  HMMWV’s  differential  has  an  internal  capacity  of 
approximately  2  quarts,  which  is  much  smaller  than  the  MTV  capacity  of  approximately  20  quarts. 
This  reduces  the  detriment  to  the  HMMWV  from  the  higher  viscosity  75  W- 140  with  respect  to 
churning  losses,  as  the  volume  of  oil  being  churned  during  operation  is  much  lower  than  that 
present  in  the  larger  MTV.  With  the  churning  losses  reduced,  other  benefits  from  the  heavier 
75W-140  can  start  to  be  realized.  The  up-armored  Ml  15 1 A1  is  the  latest  variant  in  the  HMMWV 
family,  and  has  a  significantly  increased  mass  compared  to  many  earlier  variants.  AM  General 
states  the  gross  vehicle  weight  rating  (GVWR)  of  the  M1151A1  at  13,500  lbs.  This  is  up 
considerably  from  earlier  variants  such  as  the  M998  with  a  GVWR  of  only  7,700  lbs.  Despite  the 
increased  mass  of  the  later  model  HMMWV’s,  the  overall  driveline  hardware  size  has  remained 
largely  consistent,  and  is  considered  at  a  high  level  as  light  duty  compared  to  the  larger  MTV  and 
HTV  vehicles.  With  the  increased  vehicle  mass  it  must  now  move,  the  unit  loading  of  the  LTV’s 
drivetrain  has  increased  significantly  relative  to  its  size,  and  thus  yields  higher  contact  loading  (i.e. 
unit  loading)  in  the  differential  gear  set  during  operation.  It  is  expected  that  with  these  higher 
contact  loads,  the  thicker  75W-140  is  allowing  for  lower  frictional  losses  due  to  the  increased  film 
thickness  and  better  separation  of  surface  asperities  in  the  gear  mesh.  It  is  expected  that  these  two 
trends  combined  are  what  is  allowing  the  LTV  to  see  benefit  from  the  heaver  75W-140,  unlike  that 
previously  seen  in  the  MTV  testing. 

Another  trend  identified  in  the  HMMWV  data  was  differences  in  calculated  fuel  consumption 
changes  when  comparing  to  the  first  or  second  baseline  segments.  In  general,  comparison  with 
baseline  #2  predicts  approximately  two  times  the  improvement  then  when  compared  to  baseline 
#1.  This  indicates  some  base  efficiency  shift  occurred  during  the  LTV’s  duration  of  testing.  The 
exact  cause  of  this  shift  is  unknown,  but  it  is  likely  attributed  to  the  relatively  low  starting  mileage 
of  the  HMMWV’s  used  for  testing,  which  allowed  some  overall  new  engine/driveline  break-in 
effects  to  influence  data  over  the  course  of  testing.  In  addition,  laboratory  axle  efficiency  testing 
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typically  demonstrates  additional  break-in  and  resulting  effieieney  shift  of  axles  oeeurring  when 
introdueed  to  lower  viseosity  lubrieants.  Despite  the  differing  predieted  results  when  eomparing 
between  baseline  #1  or  #2,  a  clear  improvement  trend  is  realized  for  the  LTV. 


3,2  Heavy  Tactical  Wheeled  Vehicle 

Table  10  and  Table  1 1  show  the  aetual  mass  based  fuel  eonsumption  values,  the  resulting  lap  T/C 
ratios,  and  the  average  segment  T/C  ratios  used  in  the  fuel  eonsumption  ealeulations  for  eaeh  of 
the  baseline  and  test  segments  of  the  HTV  evaluation. 


Table  10,  HTV  Fuel  Consumed  and  T/C  Ratios 


Baseline  #1  tHishwavl 

1  Run#l 

Run  #2 

Run  #3  1 

Fuel  Consumed 

Fuel  Consumed 

Fuel  Consumed 

Fuel  Consumed 

Fuel  Consumed 

Fuel  Consumed 

by  Test  Truck 

by  Control  Truck 

by  Test  Truck 

by  Control  Truck 

by  Test  Truck 

by  Control  Truck 

64.30  lbs. 

68.40  lbs. 

63.35  lbs. 

67.50  lbs. 

62.90  lbs. 

66.80  lbs. 

Baseline  (Highway)  T/C  Ratio  #1 

Baseline  (Highway)  T/C  Ratio  #2 

Baseline  (Highway)  T/C  Ratio  #3 

0.9401 

0.9385 

0.9416 

Average  T/C  Ratio  for  Baseline  (Highway)  Segment 

0.9401 

Baseline  #1  (City) 

1  Run#l 

Run  #2 

Run  #3  1 

1  70.30  lbs. 

74.05  lbs. 

69.15  lbs. 

73.35  lbs. 

68.20  lbs. 

72.95  lbs.  1 

1  0.9494 

0.9427 

0.9349  1 

0.9423 

Test  Oil  #2  (Highway) 

1  Run#l 

Run  #2 

Run  #3  1 

1  66.40  lbs. 

69.25  lbs. 

65.70  lbs. 

68.60  lbs. 

64.40  lbs. 

67.30  lbs.  1 

1  0.9588 

0.9577 

0.9569  1 

0.9578 

Test  Oil  #2  fCitvi 

1  Run#l 

Run  #2 

Run  #3  1 

1  71.75  lbs. 

74.55  lbs. 

70.10  lbs. 

72.45  lbs. 

69.55  lbs. 

71.35  lbs.  1 

1  0.9624 

0.9676 

0.9748  1 

0.9683 

Test  Oil  #1  (Highway) 

1  Run#l 

Run  #2 

Run  #3  1 

1  62.55  lbs. 

66.85  lbs. 

61.45  lbs. 

65.85  lbs. 

61.50  lbs. 

65.75  lbs.  1 

1  0.9357 

0.9332 

0.9354  1 

1  0.9347  1 
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Table  11.  HTV  Fuel  Consumed  and  T/C  Ratios  (cont.) 


Test  Oil  #1  tCitv) 

Run  #1 

Run  #2 

Run  #3 

67.80  lbs.  1  73.00  lbs. 

67.20  lbs.  1  71.95  lbs. 

68.55  lbs.  1  72.60  lbs. 

0.9288 

0.9340 

0.9442 

0.9357 

Baseline  #2  tHishwavl 

Run  #1 

Run  #2 

Run  #3 

61.90  lbs.  1  65.60  lbs. 

61.30  lbs.  1  63.95  lbs. 

61.20  lbs.  1  65.15  lbs. 

0.9436 

0.9586 

0.9394 

0.9472 

Baseline  #2  fCitvl 

Run  #1 

Run  #2 

Run  #3 

70.04  lbs.  1  73.65  lbs. 

69.55  lbs.  1  72.80  lbs. 

67.75  lbs.  1  71.75  lbs. 

0.9559 

0.9554 

0.9443 

1  0.9518  1 

Table  12  shows  the  final  tabulated  fuel  eonsumption  ehanges  and  applieable  eonfidenee  intervals 
for  eaeh  of  the  test  oils  eompared  to  baseline  #1  and  baseline  #2.  Cells  shown  in  grey  identify  non- 
statistieally  signifieant  results.  Cells  shown  in  green  identify  statistieally  signfieiant  fuel 
eonsumption  improvement.  Cells  shown  in  red  identify  statistieally  signfieiant  fuel  eonsumption 
detriment. 
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Baseline  1 
(80W90) 
vs. 

Test  Oil  1 
(75W90) 


Baseline  1 
(80W90) 
vs. 

Test  Oil  2 
(75W140) 


Baseline  2 
(80W90) 
vs. 

Test  Oil  1 
(75W90) 


Baseline  2 
(80W90) 
vs. 

Test  Oil  2 
(75W140) 


Highway  Route 


Transient  Route 


Highway  Route 


Transient  Route 


Transient  Route 


Fuel  Saved 
Improvement 


Table  12,  HTV  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

0.57  % 

±  0.35  % 

Improvement 

0.57  % 

±  0.35  % 

Nominal 

Confidence  Interval 

Fuel  Saved 

0.71  % 

±  1.82  % 

Improvement 

0.71  % 

±  1.83  % 

Highway  Route 

Fuel  Saved 

1.31  % 

±  2.58  % 

Improvement 

1.33  % 

±  2.62  % 

Transient  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.70  % 

±  1.72  % 

Improvement 

1.73  % 

±  1.75  % 

Highway  Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

-1.12  % 

±  2.61  % 

Improvement 

-1.11  % 

±  2.58  % 

Nominal 

Confidence  Interval 

Consistent  with  previous  trends  observed  in  the  MTV  testing,  the  75W-140  showed  a  statistically 
significant  detriment  to  fuel  consumption  in  all  calculations  except  that  for  the  baseline  #2  highway 
route,  which  although  not  statistically  signficiant,  still  showed  an  indication  of  increased 
consumption.  For  the  75W-90,  a  statistically  significant  improvement  was  observed  on  the 
baseline  #1  highway  route,  but  only  an  indication  of  improvement  was  seen  for  all  other 
comparisons.  Like  the  HMMWV  testing  comparisoin  between  baseline  #1  or  baseline  #2  yeilds 
some  slighly  different  results,  but  overall  not  to  the  same  magnitude  of  that  seen  in  the  HMMWV 
data. 
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4.0  CONCLUSIONS 

Based  upon  the  measured  changes  in  fuel  consumption  for  the  LTV  and  HTV  evaluations,  there 
appears  to  be  real  world  fuel  consumptions  savings  associated  with  utilization  of  select  driveline 
fluids.  However  based  on  hardware  size,  optimum  fluids  for  maximum  efficiency  improvement 
may  not  be  the  same.  During  this  testing  it  was  found  that  the  LTV  showed  in  improvement  in  fuel 
consumption  with  both  the  tested  75W-90  and  75W-140  candidate  lubricants,  with  largest  gains 
being  realized  in  the  more  transient  “city  cycle”.  This  was  a  slight  departure  from  results  seen  in 
past  MTV  testing  [1,2]  which  showed  improvements  in  fuel  consumption  with  the  lower  75W-90 
viscosity  oil,  and  detriment  with  the  higher  viscosity  75W-140.  This  differing  result  is  attributed 
to  the  smaller  oil  sump  capacity  limiting  detriment  from  churning  losses,  and  higher  unit  loading 
of  the  driveline  in  the  LTV  which  allows  for  increased  film  thickness  of  the  75W-140  to  provide 
reduced  internal  friction.  Similar  to  the  past  MTV  results,  the  larger  HTV  generally  supported  that 
the  heavier  viscosity  75W-140  provided  a  detriment  to  fuel  consumption  on  both  the  transient  and 
highway  driving  cycles,  while  the  lighter  75W-90  showed  a  trend  towards  improved  fuel 
consumption.  Several  of  the  HTV  results  did  not  exceed  the  calculated  statistical  confidence 
intervals  required  to  confidently  claim  improved  or  reduced  fuel  consumption,  but  all  data  was 
found  to  trend  consistently  with  those  that  did  show  statistically  confident  results. 

5.0  RECOMMENDATIONS 

It  is  recommended  that  testing  on  a  stationary  axle  efficiency  stand  be  conducted  to  further  explore 
the  possibility  of  axle  efficiency  improvement  and  reduced  vehicle  fuel  consumption  through 
optimization  of  driveline  lubricants.  In  particular,  testing  at  higher  input  pinion  loads  should  be 
considered  for  the  MTV  and  HTV  axles  to  determine  if  improved  efficiency  from  the  75W-140 
can  be  realized  with  higher  loading.  In  addition,  a  test  matrix  with  a  wide  range  of  candidate 
viscosities  should  be  conducted  to  determine  hardware  size  versus  efficiency  response.  This  testing 
would  help  to  further  explore  the  relationship  of  driveline  mechanical  efficiency  as  a  function  of 
lubricant  viscosity,  unit  loading,  and  overall  hardware  size. 


21 


UNCLASSIFIED 


6.0  REFERENCES 

1.  Warden,  R.W.,  Frame,  E.A.,  Brandt,  A.  C.,  “SAEJ1321  Testing  Eising  M1083A1 
EMTVS”,  Interim  Report  TEERE  No.  404,  Mareh  2010. 

2.  Warden,  R.W.,  Erame,  E.A.,  “Axle  Eubrieant  Effieieney”,  Interim  Report  TEERE  No.  444, 
May  2014 

3.  Enel  Consumption  Test  Proeedure  -  Type  II,  J 1321,  2012 


22 


UNCLASSIFIED 


APPENDIX  A.  LTV  Test  Report 


UNCLASSIFIED 


A-1 


SOUTHWEST  RESEARCH  INSTITUTE® 
6220  Culebra  Road  Post  Office  Drawer  28510 
San  Antonio,  Texas  78238 


FUELS  AND  LUBRICANTS  RESEARCH  DIVISION 
Fuels  and  Driveline  Lubricants  Research  Department 


Report  On: 


“SAE  J1321  Fuel  Consumption  Test  Program  on  AM 
General  M1151A1W/B1  Vehicles” 


Conducted  For: 

The  US  Army 

AM  General  High  Mobility  Multipurpose  Wheeled  Vehicle  (HMMWV) 

Baseline  Oil:  LO-330868 
Test  Oil  1:  LO-332220 
Test  Oil  2:  LO-332374 

February  17,  2016 


Prepared  by: 


Jeff  Sellers 

Engineering  Technologist 
Fleet  &  Driveline  Fluid 
Evaluations  Section 


Southwest  Research  institute 


Approved  by: 


Director 

Fuels  and  Driveline  Lubricant 
Research  Department 


The  results  of  this  report  relate  only  to  the  items  tested. 

This  report  shall  not  be  reproduced,  except  in  full,  without  the  written  approval  of  Southwest  Research  Institute®. 


SAE  J1321  on  AM  General  Ml  151A1W/B1  Vehicles 
February  17,  2016 


21300.01.701 


TABLE  OF  CONTENTS 

I.  INTRODUCTION . 1 

IT  TEST  PLAN . 1 

III.  TEST  RESULTS . 6 

APPENDICES 

Weather  Conditions . A 

T/C  Ratios  &  Eap  Times . B 

Test  Results  Graphs . C 

Photos  . D 


(^U 

SOUTHWi&T  RiSfAKCH  INffTiTUTE 


SAE  J1321  on  AM  General  Ml  151A1W/B1  Vehicles 
February  17,  2016 


21300.01.701 


I.  INTRODUCTION 

At  the  request  of  The  US  Army,  Southwest  Researeh  Institute  (SwRI®)  eonducted  a  fuel 
eeonomy  test  utilizing  two  AM  General  High  Mobility  Multipurpose  Wheeled  Vehiele 
(HMMWV).  The  purpose  of  the  testing  was  to  eompare  the  fuel  eeonomy  benefits  derived  from 
using  different  differential  lubrieants. 

The  proeedure  chosen  for  this  evaluation  was  a  modified  version  of  the  February  2012  revision 
of  the  SAE  J1321  "Fuel  Consumption  Test  Procedure  -  Type  U".  This  recommended  practice 
provided  a  standardized  test  procedure  for  comparing  the  in-service  fuel  consumption  of  a 
vehicle  operated  under  two  conditions.  An  unchanging  control  vehicle  ran  in  tandem  with  a  test 
vehicle  to  provide  reference  fuel  consumption  data.  The  fuel  consumption  was  measured  by 
using  weigh  tanks. 

A  baseline  segment  was  first  conducted  followed  by  a  test  segment  for  each  differential 
lubricant.  Finally  an  additional  baseline  segment  was  conducted  to  confirm  results.  The 
HMMWVs  were  operated  over  both  a  simulated  “highway”  and  “city”  route  at  a  closed  test 
track. 


II.  TEST  PLAN 


A.  Description  of  Vehicles 

The  US  Army  provided  the  vehicles  used  for  testing  during  this  program. 

The  HMMWVs  were  identical  vehicles  equipped  with  General  Engine  Products  engines  rated  at 

190  hp  and  General  Transmission  Products  automatic  transmissions.  The  vehicles  were 

unloaded  during  testing  with  a  tractor  weight  of  approximately  13,600  lbs. 

B.  Vehicle  Preparation 

Prior  to  commencing  with  testing  the  following  preparations  were  made  to  the  vehicles. 

1 .  All  wheels  were  aligned. 

2.  The  engine  air  filters  and  fuel  filters  were  replaced. 

3.  The  engine,  transmission,  and  transfer  case  fluids  were  changed. 

4.  A  separate  weigh  tank  was  connected  to  each  vehicle’s  fuel  system  via  a  three-way  valve  to 
permit  operation  either  from  the  vehicle’s  fuel  supply  or  from  the  weigh  tank. 

5.  Each  vehicle  was  equipped  with  a  Campbell  CR-3000  datalogger  to  record  GPS  position  and 
speed,  all  differential  temperatures,  engine  oil  sump  temperature,  transfer  case  temperature, 
transmission  temperature,  and  pedal  voltage.  All  fluid  temperatures  were  measured  by 
placing  a  thermocouple  through  a  modified  drain  plug.  The  data  was  recorded  at  one  second 
intervals. 

6.  An  electronic  master  switch  was  connected  to  a  time  counter  and  to  the  datalogger.  The 
switch  was  turned  on  at  the  beginning  of  each  run  and  turned  off  at  the  end  of  each  run. 
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7.  Practice  laps  were  conducted  to  establish  target  times  at  markers  on  each  route.  The  target 
times  were  specific  to  the  driver  and  the  vehicle.  During  the  testing  phase,  the  lap  time  was 
required  to  be  within  +/-0.25%  of  the  target  time  to  be  considered  operationally  valid. 

C.  Test  Routes  (Vehicle  Driving  Cycle) 

Fuel  consumption  was  measured  using  simulated  “highway”  and  “city”  routes  on  a  closed  test 
track.  The  “highway”  route  was  conducted  at  25  mph  for  22.5  miles  and  55  mph  for  22.5  miles. 
The  “city”  route  was  a  transient  route  adapted  from  the  SAE  J1376  Procedure.  Both  routes  were 
45  miles  long  which  is  5  miles  short  of  what  is  required  by  the  SAE  J1321  (Revision  2012-02). 
These  routes  were  chosen  to  keep  consistency  with  historical  test  data.  A  GPS  based  driver 
assist  route  trace  program  was  used  by  the  drivers  to  help  to  maintain  route  constancy  and  lap 
times.  Additionally,  the  weather  conditions  set  by  the  SAE  J1321  (Revision  2012-02)  were  not 
met  on  ah  runs.  The  maximum  wind  speed  and  variation  in  wind  speeds  limits  were  exceeded. 
Due  to  the  slower  than  typical  vehicle  speeds  (<  60  mph)  and  an  already  modified  procedure  (< 
50  mile  route)  the  Army  agreed  that  the  weather  parameters  would  not  be  used  to  determine  lap 
validity.  Ah  weather  data  collected  is  included  in  Appendix  A. 

Table  1.  Highway  Route  Maneuvers 


Step 

Maneuver 

Total  Distance 
(miles) 

0 

Hold  25  mph 

0.00-22.50 

1 

Accelerate  to  and  hold  55  mph 

22.50-45.00 

2 

Switch  off  weigh  tank 

45.00 

Speed/Distance  Highway  Route  Profile 

— 

Q. 

E 

j 

T3  ■ 

0) 

1 

Q. 

20  • 

0  - 

( 

3  5  10  15  20  25  30  35  40  45  50 

Distance  (miles) 

Figure  1.  Highway  Route  Profile 


Page  2  of  8 


Southwest  Riscakch  intthute 


SAE  J1321  on  AM  General  Ml  151A1W/B1  Vehicles 
February  17,  2016 


21300.01.701 


Table  2.  City  Route  Maneuvers 


Step 

Maneuver 

Total  Distance 

0 

Start  Engine 

0.00 

1 

30 Second  Idle 

0.00 

2 

Accelerate  to  and  hold  5  mph 

0.15 

3 

Accelerate  to  and  hold  10  mph 

0.48 

4 

Deccelerate  to  Omph 

0.49 

5 

20 Second  Idle 

- 

6 

Accelerate  to  and  hold  20  mph 

0.97 

7 

Deccelerate  to  Omph 

1.00 

8 

20 Second  Idle 

- 

9 

Accelerate  to  and  hold  30  mph 

1.44 

10 

Deccelerate  to  Omph 

1.50 

11 

20 Second  Idle 

- 

12 

Accelerate  to  and  hold  35  mph 

1.92 

13 

Deccelerate  to  Omph 

2.00 

14 

20  Second  Idle 

- 

15 

Accelerate  to  and  hold  25  mph 

2.56 

16 

Deccelerate  to  Omph 

2.60 

17 

20  Second  Idle 

- 

18 

Accelerate  to  and  hold  15  mph 

2.98 

19 

Deccelerate  to  Omph 

3.00 

20 

20  Second  Idle 

- 

21 

Repeat  Steps  2-20 

6.00 

22 

Repeat  Steps  2-19 

9.00 

23 

60  Second  Idle 

- 

24 

Accelerate  to  and  hold  25  mph 

15.00 

25 

Accelerate  to  and  hold  35  mph 

21.00 

26 

Accelerate  to  and  hold  55  mph 

27.00 

27 

Decelerate  to  and  hold  25  mph 

33.00 

28 

Accelerate  to  and  hold  35  mph 

39.00 

29 

Accelerate  to  and  hold  55  mph 

44.80 

30 

Deccelerate  to  0  mph 

45.00 

31 

60  Second  Idle 

- 

32 

Shut  off  Engine 

- 
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Speed/Distance  City  Route  Profile 


Distance,  Miles 


Figure  2.  City  Route  Profile 


D.  Test  Matrix 

The  test  matrix  consisted  of  eight  segments,  each  of  which  consisted  of  three  valid  runs.  Both 
vehicles  were  operated  simultaneously  for  each  run.  Baseline  differential  fluid  (LO330868)  was 
used  in  the  control  vehicle  (Vehicle  01)  for  all  segments.  Two  test  differential  fluids  (LO332220 
&  L0332374,  respectively)  were  evaluated  in  the  test  vehicle  (Vehicle  02)  for  the  test  segments. 
A  double  flush  was  performed  when  changing  differential  fluids  in  the  test  vehicle.  A  single 
drain  and  fill  was  performed  on  the  control  vehicle  each  time  the  test  vehicle  fluid  was  changed. 
Each  flush  consisted  of  driving  the  vehicle  for  15  minutes,  draining  the  differential  fluid  from  the 
4  axles  and  8  hubs,  and  then  adding  the  new  differential  fluid.  A  description  of  the  test  matrix  is 
shown  in  Table  3. 
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Tables.  Test  Matrix 


Differential  Fluid 

Segment 

Lap 

Tmck  01  Double  Flush  to 

LO330868 

Highway  Lap  #  1 

Basefne  #1  Highway 

Highway  Lap  #2 

Highway  Lap  #3 

Tmck  02  Double  Flush  to 

LO330868 

City  Lap  #1 

Baseline  #1  City 

City  Lap  #2 

City  Lap  #3 

Tmck  01  Drain  and  Fill  to 

LO330868 

Highway  Lap  #  1 

Test  #1  Highway 

Highway  Lap  #2 

Highway  Lap  #3 

Tmck  02  Double  Flush  to 

LO332220 

City  Lap  #1 

Test  #1  City 

City  Lap  #2 

City  Lap  #3 

Tmck  01  Drain  and  Fill  to 

LO330868 

Highway  Lap  #  1 

Test  #2  Highway 

Highway  Lap  #2 

Highway  Lap  #3 

Tmck  02  Double  Flush  to 

L0332374 

City  Lap  #1 

Test  #2  City 

City  Lap  #2 

City  Lap  #3 

Tmck  01  Drain  and  Fill  to 

LO330868 

Highway  Lap  #  1 

Baseline  #2  Highway 

Highway  Lap  #2 

Highway  Lap  #3 

Tmck  02  Double  Flush  to 

LO330868 

City  Lap  #1 

Baseline  #2  City 

City  Lap  #2 

City  Lap  #3 

The  weather  data  eolleeted  during  the  segments  was  obtained  from  a  portable  weather  station  set 
on  the  interior  of  the  traek.  The  weather  data  ineludes:  air  temperature,  wind  speed,  and  relative 
humidity.  No  weather  eorreetions  were  performed  on  the  fuel  eeonomy  data.  The  SAE  J1321 
(Revision  2012-02)  Reeommended  Praetiee  establishes  weather  limits  for  testing  ineluding  limits 
in  wind  and  temperature  variation  for  eaeh  run,  segment,  and  overall  test.  Due  to  the  slower  than 
typieal  vehiele  speeds  (<  60  mph)  and  an  already  modified  proeedure  (<  50  mile  route)  the  Army 
agreed  that  the  weather  parameters  would  not  be  used  to  determine  lap  validity.  Colleeted 
weather  data  ean  be  found  in  Appendix  A  along  with  the  eonstraints  set  by  the  SAE  J1321 
(Revision  2012-02)  Reeommended  Praetiee. 

Eaeh  day  prior  to  running  the  route,  tire  inflation  pressures  were  eheeked  and  adjusted  to  the 
proper  level.  The  vehieles  then  performed  a  1  hour  warm-up  as  reeommended  by  the  SAE  J1321 
(Revision  2012-02)  Reeommended  Praetiee.  Additional  inspeetions  were  performed  on  the 
vehiele  prior  to  start,  after  warm-up,  between  test  runs,  and  at  the  end  of  eaeh  day.  This  standard 
praetiee  was  performed  to  ensure  validity  in  eaeh  vehiele  test  run. 


Page  5  of  8 


Southwest  ftfSCAKCH  intthute 


SAE  J1321  on  AM  General  Ml  151A1W/B1  Vehicles 
February  17,  2016 


21300.01.701 


III.  TEST  RESULTS 

Each  lap  of  testing  resulted  in  a  ratio  of  the  fuel  used  by  the  Test  Vehiele  to  the  Control  Vehiele 
(T/C  ratio).  A  minimum  of  three  T/C  ratios  were  required  for  eaeh  segment.  The  resulting  T/C 
ratios  were  used  to  calculate  the  fuel  saved  and  the  fuel  improvement  when  eomparing  the 
baseline  and  test  segments.  Additionally,  the  T/C  ratios  were  used  to  determine  a  95% 
eonfidenee  interval  for  eaeh  result  per  the  J1321  proeedure.  Only  valid  laps  were  eonsidered  in 
the  analysis  of  the  fuel  eonsumption  data.  A  lap  was  eonsidered  valid  if  the  lap  time  fell  within 
0.25%  of  the  first  baseline  run  for  the  vehicle  and  the  first  baseline  run  time  could  also  not  differ 
more  than  0.50%  between  Vehiele  01  and  Vehicle  02.  A  summary  of  the  resulting  T/C  ratios 
ean  be  seen  in  Table  4.  The  T/C  ratios  and  lap  times  are  shown  in  Appendix  B.  Both  test 
segments  are  eompared  to  the  first  and  seeond  baseline  segment.  A  summary  of  the  test  results 
are  shown  in  Table  5  and  Eigures  3  and  4. 

Table  4:  Resulting  T/C  Ratios 


Baseline  #1  IHishwavl 

1  Run#l 

Run  #2 

Run  #3  1 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Test  Vehicle 

Control  Vehicle 

Test  Vehicle 

Control  Vehicle 

Test  Vehicle 

Control  Vehicle 

27.55  lbs. 

27.45  lbs. 

27.40  lbs. 

27.45  lbs. 

27.50  lbs. 

27.65  lbs. 

Baseline  (Highway)  T/C  Ratio  #1 

Baseline  (Highway)  T/C  Ratio  #2 

Baseline  (Highway)  T/C  Ratio  #3 

1.0036 

0.9982 

0.9946 

Average  T/C  Ratio  for  Baseline  (Highway)  Segment 

0.9988 

Baseline  #1  (City) 

1  Run#l 

Run  #2 

Run  #3  1 

1  29.25  lbs. 

29.50  lbs. 

29.70  lbs. 

29.65  lbs. 

30.95  lbs. 

31.25  lbs.  1 

1  0.9915 

1.0017 

0.9904  1 

0.9945 

Test  Oil  #1  (Highway) 

1  Run#l 

Run  #2 

Run  #3  1 

1  29.55  lbs. 

29.85  lbs. 

28.25  lbs. 

28.45  lbs. 

27.70  lbs. 

27.95  lbs.  1 

1  0.9899 

0.9930 

0.9911  1 

0.9913 

Test  Oil  #1  fCity) 

1  Run#l 

Run  #2 

Run  #3  1 

1  29.10  lbs. 

29.80  lbs. 

29.10  lbs. 

29.75  lbs. 

30.10  lbs. 

30.95  lbs.  1 

1  0.9765 

0.9782 

0.9725  1 

0.9757 

Test  Oil  #2  (Highway) 

1  Run#l 

Run  #2 

Run  #3  1 

1  28.40  lbs. 

28.90  lbs. 

27.90  lbs. 

28.35  lbs. 

27.45  lbs. 

27.80  lbs.  1 

1  0.9827 

0.9841 

0.9874  1 

0.9847 

Test  Oil  #2  fCity) 

1  Run#l 

Run  #2 

Run  #3  1 

1  29.30  lbs. 

30.20  lbs. 

29.05  lbs. 

29.85  lbs. 

30.00  lbs. 

30.75  lbs.  1 

1  0.9702 

0.9732 

0.9756  1 

1  0.9730  1 
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Table  4:  Resulting  T/C  Ratios  Continued 


Baseline  #2  IHishwavl 

Run  #1 

Run  #2 

Run  #3 

28.10  lbs.  1  28.10  lbs. 

27.60  lbs.  1  27.35  lbs. 

27.75  lbs.  1  27.65  lbs. 

1.0000 

1.0091 

1.0036 

1.0043 

Baseline  #2  ICitvl 

Run  #1 

Run  #2 

Run  #3 

29.85  lbs.  1  29.25  lbs. 

30.65  lbs.  1  30.20  lbs. 

30.951bs  1  30.45  lbs. 

1.0205 

1.0149 

1.0164 

1  1.0173  1 

Table  5.  Baseline  #1  and  #2  vs.  Test  Oil  #1  and  #2  Test  Results 


Baseline  #1 

vs. 

Test  Oil  #1 

Highway 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

0.75% 

±  0.77% 

Improvement 

0.75% 

±  0.78% 

City 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.89% 

±  1.10% 

Improvement 

1.93% 

±  1.13% 

Baseline  #1 

vs. 

Test  Oil  #2 

Highway 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.41% 

±  0.83% 

Improvement 

1.43% 

±  0.84% 

City 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

2.17% 

±  1.09.% 

Improvement 

2.21% 

±  1.12% 

Baseline  #2 

vs. 

Test  Oil  #1 

Highway 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.29% 

±  0.77% 

Improvement 

1.30% 

±  0.78% 

City 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

4.08% 

±  0.65% 

Improvement 

4.26% 

±  0.67% 

Baseline  #2 

vs. 

Test  Oil  #2 

Highway 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.94% 

±  0.83% 

Improvement 

1.98% 

±  0.85% 

City 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

4.35% 

±  0.63% 

Improvement 

4.55% 

±  0.65% 
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Baseline  #1  vs.  Test  Oil  #1  and  Test  Oil  #2  Test  Results 

3.50%  -| - 


3.00% 


2.50% 


2.00% 


1.50% 


1.00% 


0.50% 


0.00% 


Test  Oil  #1  Highway 

Test  Oil  #2  Highway 

Test  Oil  #1  City 

Test  Oil  #2  City 

■  Fuel  Saved 

0.75%  ±0.77% 

1.41%  ±0.83% 

1.89%  ±1.10% 

2.17%  ±1.09% 

■  Improvement 

0.75%  ±0.78% 

1.43%  ±  0.84% 

1.93%  ±1.13% 

2.21%  ±1.12% 

Figure  3.  Test  Results 


Baseline  #2  vs.  Test  Oil  #1  and  Test  Oil  #2  Test  Results 


6.00% 


5.00% 


Figure  4.  Test  Results 
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Appendix  A 
Weather  Data 
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Test  #1  Highway  Weather  Data  Summary 
Baseline  #1  Highway  Segment  and  Test  Oil  #1  Highway  Segment 


Baseline 

Segment 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

6.49 

1.70 

10.28 

— 

59.09 

68.01 

8.92 

22.70 

Run  #2 

5.47 

2.06 

10.64 

1.02 

71.20 

76.80 

5.60 

12.67 

Run  #3 

5.21 

0.63 

8.85 

1.28 

52.26 

65.14 

12.88 

35.35 

Segment 

5.72 

0.63 

10.64 

1.28 

52.26 

76.80 

24.54 

23.57 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Test  Segment 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

5.08 

2.06 

8.14 

— 

34.75 

45.66 

10.91 

34.90 

Run  #2 

4.85 

1.35 

10.28 

0.24 

48.23 

59.94 

11.71 

22.65 

Run  #3 

3.22 

0.99 

8.14 

1.86 

64.70 

69.96 

5.26 

12.86 

Segment 

4.38 

0.99 

10.28 

1.86 

34.75 

69.96 

35.21 

23.47 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

5.05 

0.63 

10.64 

3.26 

34.75 

76.80 

42.05 

23.52 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“ (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Note:  The  variation  in  wind  speed  is  calculated  from  run  to  run. 
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Baseline  #1  Highway-Lap  #1 
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Baseline  #1  Highway-Lap  #3 
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Test  Oil  #1  Highway-Lap  #1 
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Test  Oil  #1  Highway-Lap  #3 
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Test  #2  City  Weather  Data  Summary 
Baseline  #1  City  Segment  and  Test  Oil  #1  City  Segment 


Baseline  Segment 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

9.92 

3.13 

*22.07 

— 

80.50 

84.50 

4.00 

9.50 

Run  #2 

*12.83 

7.06 

*20.29 

2.91 

76.80 

82.60 

5.80 

9.28 

Run  #3 

4.20 

0.63 

8.85 

8.63 

43.91 

56.57 

12.66 

20.09 

Segment 

8.98 

0.63 

22.07 

8.63 

43.91 

84.50 

40.59 

12.96 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Test  Segment 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

6.35 

1.70 

12.78 

— 

66.19 

69.14 

2.95 

15.26 

Run  #2 

6.75 

2.06 

12.07 

0.40 

68.87 

70.70 

1.83 

14.80 

Run  #3 

3.88 

0.63 

8.14 

2.87 

48.49 

68.04 

19.55 

26.12 

Segment 

5.66 

0.63 

12.78 

2.87 

48.49 

70.70 

22.21 

18.73 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

6.22 

0.63 

22.07 

6.04 

43.91 

84.50 

40.59 

15.84 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Note:  The  variation  in  wind  speed  is  calculated  from  run  to  run. 

*Indicates  weather  parameters  that  are  out  of  the  SAE  J1321  (Revision  2012-02)  Recommendation 
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Baseline  #1  City-Lap  #1 
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Test  Oil  #1  City-Lap  #1 
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Test  #3  Highway  Weather  Data  Summary 


Baseline  #1  Highway  Segment  and  Test  Oil  #2  Highway  Segment 


Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

6.49 

1.70 

10.28 

— 

59.09 

68.01 

8.92 

22.70 

Run  #2 

5.47 

2.06 

10.64 

1.02 

71.20 

76.80 

5.60 

12.67 

Run  #3 

5.21 

0.63 

8.85 

1.28 

52.26 

65.14 

12.88 

35.35 

Segment 

5.72 

0.63 

10.64 

1.28 

52.26 

76.80 

24.54 

23.57 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Test  Segment 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

4.35 

1.70 

8.49 

... 

42.47 

58.22 

15.75 

29.85 

Run  #2 

9.92 

4.20 

16.36 

0.24 

58.34 

68.06 

9.72 

18.83 

Run  #3 

13.46 

7.78 

19.57 

1.86 

70.90 

75.90 

5.00 

11.71 

Segment 

9.24 

1.70 

19.57 

9.11 

42.47 

75.90 

33.43 

20.13 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

7.48 

0.63 

19.57 

9.11 

42.47 

76.80 

34.33 

21.85 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Note:  The  variation  in  wind  speed  is  calculated  from  run  to  run. 
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Test  #4  City  Weather  Data  Summary 


Baseline  #1  City  Segment  and  Test  Oil  #2  City  Segment 


Baseline  Segment 

Mean  Wind 
Speed 

Min  Wind 

Speed 

Max  Wind 
Speed 

Variation  in 

Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

9.92 

3.13 

*22.07 

— 

80.50 

84.50 

4.00 

9.50 

Run  #2 

*12.83 

7.06 

*20.29 

2.91 

76.80 

82.60 

5.80 

9.28 

Run  #3 

4.20 

0.63 

8.85 

8.63 

43.91 

56.57 

12.66 

20.09 

Segment 

8.98 

0.63 

22.07 

8.63 

43.91 

84.50 

40.59 

12.96 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40° (F) 

<100° (F) 

<30° (F) 

na  (%) 

Test  Segment 

Mean  Wind 
Speed 

Min  Wind 

Speed 

Max  Wind 
Speed 

Variation  in 

Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

13.13 

6.71 

20.29 

— 

75.30 

76.50 

1.20 

10.61 

Run  #2 

10.18 

4.92 

17.07 

0.24 

75.40 

77.00 

1.60 

11.07 

Run  #3 

5.05 

1.35 

9.92 

1.86 

51.52 

64.02 

12.50 

24.07 

Segment 

5.66 

0.63 

12.78 

8.07 

48.49 

70.70 

22.21 

18.73 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40° (F) 

<100° (F) 

<30° (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 

Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

8.50 

0.63 

22.07 

8.92 

43.91 

84.50 

40.59 

14.10 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40° (F) 

<100° (F) 

<30° (F) 

na  (%) 

Note:  The  variation  in  wind  speed  is  calculated  from  run  to  run. 

*Indicates  weather  parameters  that  are  out  of  the  SAE  J1321  (Revision  2012-02)  Recommendation 
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Test  Oil  #2  City-Lap  #1 
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Test  Oil  #2  City-Lap  #3 
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Baseline  #1  Highway  Segment  and  Baseline  #2  Highway  Segment 


Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

6.49 

1.70 

10.28 

... 

59.09 

68.01 

8.92 

22.70 

Run  #2 

5.47 

2.06 

10.64 

1.02 

71.20 

76.80 

5.60 

12.67 

Run  #3 

5.21 

0.63 

8.85 

1.28 

52.26 

65.14 

12.88 

35.35 

Segment 

5.72 

0.63 

10.64 

1.28 

52.26 

76.80 

24.54 

23.57 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40°  (F) 

<100° (F) 

<30°  (F) 

na  {%) 

Test  Segment 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

4.16 

0.99 

8.85 

— 

54.47 

64.22 

9.75 

26.26 

Run  #2 

3.44 

0.99 

8.14 

0.24 

66.47 

74.90 

8.43 

16.20 

Run  #3 

3.56 

0.63 

8.49 

1.86 

68.37 

72.40 

4.03 

17.19 

Segment 

3.72 

0.63 

8.85 

0.72 

54.47 

74.90 

20.43 

19.88 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40°  (F) 

<100° (F) 

<30°  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

4.72 

0.63 

10.64 

3.04 

52.26 

76.80 

24.54 

21.73 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40°  (F) 

<100° (F) 

<30°  (F) 

na  (%) 

Note:  The  variation  in  wind  speed  is  calculated  from  run  to  run. 
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Baseline  #2  Highway-Lap  #1 
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Baseline  #2  Highway-Lap  #3 
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X  Relative  Flumidity  {%) 


A-19of22 


Southwest  Riscakch  iNrrnuiE 
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21300.01.701 


Baseline  #1  City  Segment  and  Baseline  #2  City  Se 


g 


ment 


Baseline  Segment 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in  Wind 
Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

9.92 

3.13 

*22.07 

— 

80.50 

84.50 

4.00 

9.50 

Run  #2 

*12.83 

7.06 

*20.29 

2.91 

76.80 

82.60 

5.80 

9.28 

Run  #3 

4.20 

0.63 

8.85 

8.63 

43.91 

56.57 

12.66 

20.09 

Segment 

8.98 

0.63 

22.07 

8.63 

43.91 

84.50 

40.59 

12.96 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Test  Segment 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in  Wind 
Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

4.42 

0.99 

9.92 

— 

68.21 

72.20 

3.99 

17.59 

Run  #2 

3.45 

0.63 

10.99 

0.40 

69.40 

72.70 

3.30 

15.91 

Run  #3 

7.53 

4.20 

12.78 

2.87 

43.00 

58.31 

15.31 

37.37 

Segment 

5.66 

0.63 

12.78 

2.87 

48.49 

70.70 

22.21 

18.73 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 

Speed 

Min  Wind 

Speed 

Max  Wind 

Speed 

Variation  in  Wind 

Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

5.90 

0.63 

22.07 

6.47 

43.91 

84.50 

40.59 

12.96 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Note:  The  variation  in  wind  speed  is  calculated  from  run  to  run. 
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Baseline  #2  City-Lap  #1 
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Baseline  #2  City-Lap  #3 
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Appendix  B 

T/C  Ratios  &  Lap  Times 


SOUTMWEST  ftlSCAMIH  INTTHUIE 


SAE  J1321  on  AM  General  Ml  151A1W/B1  Vehicles 
February  17,  2016 


21300.01.701 


Baseline  #1  Highway  Segment  and  Test  Oil  #1  Highway  Segement 


1 

Baseline  #1  Highway  Lap  Times  (Target  Time:  1:18:36] 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:18:36.2 

1:18:36.4 

0.004% 

Truck  01 

Truck  02 

Run  #2 

1:18:36.3 

1:18:36.2 

0.002% 

-0.004% 

Run  #3 

1:18:35.7 

1:18:37.4 

-0.011% 

0.021% 

Test  Oil  #1  Highway  Lap  Times  (Target  Time:  1:18:36) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:18:36.3 

1:18:36.7 

0.002% 

0.006% 

Run  #2 

1:18:36.3 

1:18:36.6 

0.002% 

0.004% 

Run  #3 

1:18:36.3 

1:18:37.1 

0.002% 

0.015% 

Baseline  #1  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


27.45 


27.45 


Truck  02 


27.55 


27.40 


27.65 


27.50 


Truck  01 


Test  Oil  #1  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


29.85 


28.45 


Truck  02 


29.55 


28.25 


27.95 


27.70 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

0.75% 

±  0.77% 

Improvement 

0.75% 

±  0.78% 
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SOUTHWi&T  ftfSCAKCH 


SAE  J1321  on  AM  General  Ml  151A1W/B1  Vehicles 
February  17,  2016 


21300.01.701 


Baseline  #1  City  Segment  and  Test  Oil  #1  City  Segement 


Baseline  #1  City  Lap  Times 

'Target  Time:  1:45:43) 

Run#l 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

1:45:43.5 

1:45:44.2 

0.011% 

Truck  01 

Truck  02 

Run  #2 

1:45:43.3 

1:45:43.6 

-0.003% 

-0.009% 

Run  #3 

1:45:43.2 

1:45:38.0 

-0.005% 

-0.098% 

Test  #1  Oil  City  Lap  Times 

Target  Time:  1:45:43) 

Run#l 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

1:45:43.3 

1:45:43.3 

-0.003% 

-0.014% 

Run  #2 

1:45:43.2 

1:45:43.4 

-0.005% 

-0.013% 

Run  #3 

1:45:43.1 

1:45:43.8 

-0.006% 

-0.006% 

Baseline  #1  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


29.50 


29.65 


Truck  02 


29.25 


29.70 


31.25 


30.95 


Test  Oil  #1  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


29.80 


29.75 


Truck  02 


29.10 


29.10 


30.95 


30.10 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.89% 

±  1.10% 

Improvement 

1.93% 

±  1.13% 
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February  17,  2016 


21300.01.701 


Baseline  #1  Highway  Segment  and  Test  Oil  #2  Highway  Segement 


1 

Baseline  #1  Highway  Lap  Times  (Target  Time:  1:18:36] 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:18:36.2 

1:18:36.4 

0.004% 

Truck  01 

Truck  02 

Run  #2 

1:18:36.3 

1:18:36.2 

0.002% 

-0.004% 

Run  #3 

1:18:35.7 

1:18:37.4 

-0.011% 

0.021% 

Test  Oil  #2  Highway  Lap  Times  (Target  Time:  1:18:36) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:18:35.4 

1:18:35.3 

-0.017% 

-0.023% 

Run  #2 

1:18:36.4 

1:18:36.8 

0.004% 

0.008% 

Run  #3 

1:18:36.3 

1:18:36.7 

0.002% 

0.006% 

Baseline  #1  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


27.45 


27.45 


Truck  02 


27.55 


27.40 


27.65 


27.50 


Test  Oil  #2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


28.90 


28.35 


Truck  02 


28.40 


27.90 


27.80 


27.45 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.41% 

±  0.83% 

Improvement 

1.43% 

±  0.84% 
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SOUTHWi&T  ftfSCAKCH 


SAE  J1321  on  AM  General  Ml  151A1W/B1  Vehicles 
February  17,  2016 


21300.01.701 


Baseline  #1  City  Segment  and  Test  Oil  #2  City  Segement 


Baseline  #1  City  Lap  Times 

Target  Time:  1:45:43) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:45:43.5 

1:45:44.2 

0.011% 

Truck  01 

Truck  02 

Run  #2 

1:45:43.3 

1:45:43.6 

-0.003% 

-0.009% 

Run  #3 

1:45:43.2 

1:45:38.0 

-0.005% 

-0.098% 

Test  Oil  #2  City  Lap  Times  (Target  Time:  1:45:43) 


Run#l 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

1:45:43.3 

1:45:43.3 

-0.046% 

0.000% 

Run  #2 

1:45:43.2 

1:45:43.4 

-0.061% 

0.000% 

Run  #3 

1:45:43.1 

1:45:43.8 

-0.092% 

0.000% 

Baseline  #1  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


29.50 


29.65 


Truck  02 


29.25 


29.70 


31.25 


30.95 


Test  Oil  #2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


30.20 


29.85 


Truck  02 


29.30 


29.05 


30.75 


30.00 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

2.17% 

±  1.09% 

Improvement 

2.21% 

±  1.12% 
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February  17,  2016 


21300.01.701 


Baseline  #2  Highway  Segment  and  Test  Oil  #1  Highway  Segement 


1 

Baseline  #2  Highway  Lap  Times  (Target  Time:  1:18:36] 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:18:36.0 

1:18:36.6 

0.004% 

Truck  01 

Truck  02 

Run  #2 

1:18:36.3 

1:18:36.7 

0.002% 

-0.004% 

Run  #3 

1:18:36.4 

1:18:36.7 

-0.011% 

0.021% 

Test  Oil  #1  Highway  Lap  Times  (Target  Time:  1:18:36) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:18:36.3 

1:18:36.7 

0.002% 

0.006% 

Run  #2 

1:18:36.3 

1:18:36.6 

0.002% 

0.004% 

Run  #3 

1:18:36.3 

1:18:37.1 

0.002% 

0.015% 

Baseline  #2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


28.10 


27.35 


Truck  02 


28.10 


27.60 


27.65 


27.75 


Test  Oil  #1  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


29.85 


28.45 


Truck  02 


29.55 


28.25 


27.95 


27.70 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.29% 

±  0.77% 

Improvement 

1.30% 

±  0.78% 
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Baseline  #2  Highway  Segment  and  Test  Oil  #2  Highway  Segement 


Baseline  #  2  Highway  Lap  Times  (Target  Time:  1:18:36) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:18:36.0 

1:18:36.6 

0.004% 

Truck  01 

Truck  02 

Run  #2 

1:18:36.3 

1:18:36.7 

0.002% 

-0.004% 

Run  #3 

1:18:36.4 

1:18:36.7 

-0.011% 

0.021% 

Test  Oil  #2  Highway  Lap  Times  (Target  Time:  1:18:36) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:18:35.4 

1:18:35.3 

-0.017% 

-0.023% 

Run  #2 

1:18:36.4 

1:18:36.8 

0.004% 

0.008% 

Run  #3 

1:18:36.3 

1:18:36.7 

0.002% 

0.006% 

Baseline  #2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


28.10 


27.35 


Truck  02 


28.10 


27.60 


27.65 


27.75 


Test  #  2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


28.90 


28.35 


Truck  02 


28.40 


27.90 


27.80 


27.45 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.41% 

±  0.83% 

Improvement 

1.43% 

±  0.84% 
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Baseline  #2  City  Segment  and  Test  Oil  #1  City  Segement 


Baseline  #2  City  Lap  Times 

'Target  Time:  1:45:43) 

Run#l 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

1:45:43.5 

1:45:44.2 

0.011% 

Truck  01 

Truck  02 

Run  #2 

1:45:43.3 

1:45:43.6 

-0.003% 

-0.009% 

Run  #3 

1:45:43.2 

1:45:38.0 

-0.005% 

-0.098% 

Test  Oil  #1  City  Lap  Times 

Target  Time:  1:45:43) 

Run#l 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

1:45:43.3 

1:45:43.3 

-0.003% 

-0.014% 

Run  #2 

1:45:43.2 

1:45:43.4 

-0.005% 

-0.013% 

Run  #3 

1:45:43.1 

1:45:43.8 

-0.006% 

-0.006% 

Baseline  #2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


29.25 


30.20 


Truck  02 


29.85 


30.65 


30.45 


30.95 


Test  Oil  #1  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


29.80 


29.75 


Truck  02 


29.10 


29.10 


30.95 


30.10 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

4.08% 

±  0.65% 

Improvement 

4.26% 

±  0.67% 
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Baseline  #2  City  Segment  and  Test  Oil  #2  City  Segement 


1 

Baseline  #  1  City  Lap  Times  (Target  Time:  1:45:43) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:45:43.5 

1:45:44.2 

0.011% 

Truck  01 

Truck  02 

Run  #2 

1:45:43.3 

1:45:43.6 

-0.003% 

-0.009% 

Run  #3 

1:45:43.2 

1:45:38.0 

-0.005% 

-0.098% 

Test  #  2  City  Lap  Times  (Target  Time:  1:45:43) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:45:43.3 

1:45:43.3 

-0.046% 

0.000% 

Run  #2 

1:45:43.2 

1:45:43.4 

-0.061% 

0.000% 

Run  #3 

1:45:43.1 

1:45:43.8 

-0.092% 

0.000% 

Baseline  #  2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


29.25 


30.20 


Truck  02 


29.85 


30.65 


30.45 


30.95 


Test  #  2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


30.20 


29.85 


Truck  02 


29.30 


29.05 


30.75 


30.00 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

2.17% 

±  1.09% 

Improvement 

2.21% 

±  1.12% 
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Baseline  #1  Highway  Segment  and  Baseline  #2  Highway  Segement 


Baseline  #1  Highway  Lap  Times  (Target  Time:  1:18:36) 


Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:18:36.2 

1:18:36.4 

0.004% 

Truck  01 

Truck  02 

Run  #2 

1:18:36.3 

1:18:36.2 

0.002% 

-0.004% 

Run  #3 

1:18:35.7 

1:18:37.4 

-0.011% 

0.021% 

Baseline  #2  Highway  Lap  Times  (Target  Time:  1:18:36) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:18:36 

1:18:37 

0.000% 

0.000% 

Run  #2 

1:18:36 

1:18:37 

0.006% 

0.002% 

Run  #3 

1:18:36 

1:18:37 

0.008% 

0.002% 

Baseline  #1  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 

Truck  01 

Truck  02 

T/C  Ratio 

Difference  | 

Run#l 

27.45 

27.55 

1.0036 

Run  #2 

27.45 

27.40 

0.9982 

0.544% 

Run  #3 

27.65 

27.50 

0.9946 

0.904% 

Baseline#2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 

Truck  01 

Truck  02 

T/C  Ratio 

Difference  | 

Run#l 

28.10 

28.10 

1.0000 

Run  #2 

27.35 

27.60 

1.0091 

-0.914% 

Run  #3 

27.65 

27.75 

1.0036 

-0.362% 

Change  in  Highway  Baseline 

Nominal 

Confidence  Interval 

Fuel  Saved 

-0.55% 

±  1.04% 

Improvement 

-0.54% 

±  1.03% 
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Baseline  #1  City  Segment  and  Baseline  #2  City  Segement 


Baseline  #1  City  Lap  Times 

[Target  Time:  1:48:30) 

Run#l 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

1:48:36 

1:48:32 

0.061% 

Truck  01 

Truck  02 

Run  #2 

1:48:30 

1:48:30 

-0.092% 

-0.031% 

Run  #3 

1:48:31 

1:48:31 

-0.077% 

-0.015% 

Baseline  #2  City  Lap  Times 

[Target  Time:  1:48:30) 

Run#l 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

1:48:30 

1:48:31 

-0.092% 

-0.015% 

Run  #2 

1:48:33 

1:48:31 

-0.046% 

-0.015% 

Run  #3 

1:48:30 

1:48:32 

-0.092% 

0.000% 

Baseline  #1  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


27.45 


27.45 


Truck  02 


27.55 


27.40 


27.65 


27.50 


Baseline  #2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


Truck  01 


29.25 


30.20 


Truck  02 


29.85 


30.65 


30.45 


30.95 


1  Change  in  City  Baseline 

Nominal 

Confidence  Interval 

Fuel  Saved 

-2.29% 

±  1.11% 

Improvement 

-2.24% 

±  1.08% 
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Appendix  C 
Test  Result  Graph 
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Baseline  #1  vs.  Test  Oil  #1  and  Test  Oil  #2  Test  Results 

3.50%  -| - 


3.00% 


2.50% 


2.00% 


1.50% 


1.00% 


0.50% 


0.00%  - 


-0.50%  - 

Test  Oil  #1  Highway 

Test  011  #2  Highway 

Test  Oil  #1  City 

Test  Oil  #2  City 

■  Fuel  Saved 

0.75%  ±0.77% 

1.41% 

±  0.83% 

1.89%  ±1.10% 

2.17%  ±  1.09% 

■  Improvement 

0.75%  ±0.78% 

1.43% 

±  0.84% 

1.93%  ±1.13% 

2.21%  ±  1.12% 
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Baseline  #2  vs.  Test  Oil  #1  and  Test  Oil  #2  Test  Results 


6.00% 


5.00% 


4.00% 


3.00% 


2.00% 


1.00% 


U.UU70  - 

Test  Oil  #1  Highway 

Test  Oil  #2  Highway 

Test  Oil  #1  City 

Test  Oil  #2  City 

■  Fuel  Saved 

1.29%  ±0.77% 

1.41% 

±0.83% 

4.08%  ±1.10% 

2.17%  ±1.09% 

■  Improvement 

1.30%  ±0.78% 

1.43% 

±0.84% 

4.26%  ±1.13% 

2.21%  ±1.12% 
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Change  in  City  Baseline 
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■  Fuel  Saved  ■Improvement 
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Appendix  D 
Photos 
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I.  INTRODUCTION 

At  the  request  of  The  US  Army,  Southwest  Researeh  Institute  (SwRI®)  eonducted  a  fuel 
economy  test  utilizing  two  Oshkosh  Ml 070  Heavy  Equipment  Transport  (HET)  trucks.  The 
purpose  of  the  testing  was  to  compare  the  fuel  economy  benefits  derived  from  using  different 
differential  lubricants. 

The  procedure  chosen  for  this  evaluation  was  a  modified  version  of  the  Eebruary  2012  revision 
of  the  SAE  J1321  "Fuel  Consumption  Test  Procedure  -  Type  11".  This  recommended  practice 
provided  a  standardized  test  procedure  for  comparing  the  in-service  fuel  consumption  of  a 
vehicle  operated  under  two  conditions.  An  unchanging  control  vehicle  (Truck  01)  ran  in  tandem 
with  a  test  vehicle  (Truck  02)  to  provide  reference  fuel  consumption  data.  The  fuel  consumption 
was  measured  by  using  weigh  tanks. 

A  baseline  segment  was  first  conducted  followed  by  a  test  segment  for  each  differential 
lubricant.  Einally  an  additional  baseline  segment  was  conducted  to  confirm  results.  The  HETs 
were  operated  over  both  a  simulated  “highway”  and  “city”  route  at  a  closed  test  track. 


II.  TEST  PLAN 


A.  Description  of  Vehicles 

The  US  Army  provided  the  trucks  used  for  testing  during  this  program. 

The  trucks  were  identical  HET  trucks  equipped  with  Detroit  Diesel  8V92TA  engines  rated  at 

500  hp  and  Allison  GET  754  Automatic  Transmissions.  The  trucks  were  unloaded  during  testing 

with  a  tractor  weight  of  approximately  40,900  lbs. 

B.  Truck  Preparation 

Prior  to  commencing  with  testing  the  following  preparations  were  made  to  the  trucks. 

1 .  All  wheels  were  aligned. 

2.  The  engine  air  filters  and  fuel  filters  were  replaced. 

3.  The  engine,  transmission,  and  transfer  case  fluids  were  changed. 

4.  A  separate  weigh  tank  was  connected  to  each  truck’s  fuel  system  via  a  three-way  valve  to 
permit  operation  either  from  the  vehicle’s  fuel  supply  or  from  the  weigh  tank. 

5.  Each  truck  was  equipped  with  a  Campbell  CR-3000  datalogger  to  record  GPS  position  and 
speed,  all  differential  temperatures,  engine  oil  sump  temperature,  transfer  case  temperature, 
transmission  temperature,  and  pedal  voltage.  All  fluid  temperatures  were  measured  by 
placing  a  thermocouple  through  a  modified  drain  plug.  The  data  was  recorded  at  one  second 
intervals. 

6.  An  electronic  master  switch  was  connected  to  a  time  counter  and  to  the  datalogger.  The 
switch  was  turned  on  at  the  beginning  of  each  run  and  turned  off  at  the  end  of  each  run. 
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7.  Practice  laps  were  condueted  to  establish  target  times  at  markers  on  each  route.  The  target 
times  were  specifie  to  the  driver  and  the  truek.  During  the  testing  phase,  the  lap  time  was 
required  to  be  within  +/-0.25%  of  the  target  time  to  be  considered  operationally  valid. 

C.  Test  Routes  (Truck  Driving  Cycle) 

Fuel  consumption  was  measured  using  simulated  “highway”  and  “city”  routes  on  a  elosed  test 
traek.  The  “highway”  route  was  eondueted  at  25  mph  for  22.5  miles  and  40  mph  for  22.5  miles. 
The  “city”  route  was  a  transient  route  adapted  from  the  SAE  J1376  Proeedure.  Both  routes  were 
45  miles  long  which  is  5  miles  short  of  what  is  required  by  the  SAE  J1321  (Revision  2012-02). 
These  routes  were  ehosen  to  keep  consistency  with  historical  test  data.  Additionally,  the  weather 
eonditions  set  by  the  SAE  J1321  (Revision  2012-02)  were  not  met  on  ah  runs.  The  maximum 
wind  speed  and  variation  in  wind  speeds  limits  were  exceeded.  Ah  weather  data  coheeted  is 
ineluded  in  Appendix  A. 


"able  1.  Highway  Route  Maneuvers 

Step 

Maneuver 

Total  Distance 
(miles) 

0 

Hold  25  mph 

0.00-22.50 

1 

Accelerate  to  and  hold  40  mph 

22.50-45.00 

2 

Switch  off  weigh  tank 

45.00 

45  1 

40  - 

35  - 

—  30  - 

E25  ■ 

S  20  - 

Q. 

15  - 

10  - 

5  - 

Speed/Distance  Highway  Route  Profile 

C 

)  5  10  15  20  25  30  35  40  45  50 

Distance  (miles) 

Figure  1.  Highway  Route  Profile 
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Table  2.  City  Route  Maneuvers 


step 

Maneuver 

Total  Distance 
(miles) 

0 

Start  Engine 

0.00 

1 

30 Second  Idle 

0.00 

2 

Accelerate  to  and  hold  5  mph 

0.15 

3 

Accelerate  to  and  hold  10  mph 

0.48 

4 

Decelerate  to  Omph 

0.49 

5 

20 Second  Idle 

- 

6 

Accelerate  to  and  hold  20  mph 

0.97 

7 

Decelerate  to  Omph 

1.00 

8 

20 Second  Idle 

- 

9 

Accelerate  to  and  hold  30  mph 

1.44 

10 

Decelerate  to  Omph 

1.50 

11 

20 Second  Idle 

- 

12 

Accelerate  to  and  hold  35  mph 

1.92 

13 

Decelerate  to  Omph 

2.00 

14 

20 Second  Idle 

- 

15 

Accelerate  to  and  hold  25  mph 

2.56 

16 

Decelerate  to  Omph 

2.60 

17 

20 Second  Idle 

- 

18 

Accelerate  to  and  hold  15  mph 

2.98 

19 

Decelerate  to  Omph 

3.00 

20 

20 Second  Idle 

- 

21 

Repeat  Steps  2-20 

6.00 

22 

Repeat  Steps  2-19 

9.00 

23 

60 Second  Idle 

- 

24 

Accelerate  to  and  hold  25  mph 

15.00 

25 

Accelerate  to  and  hold  35  mph 

21.00 

26 

Accelerate  to  and  hold  40  mph 

27.00 

27 

Decelerate  to  and  hold  25  mph 

33.00 

28 

Accelerate  to  and  hold  35  mph 

39.00 

29 

Accelerate  to  and  hold  40  mph 

44.80 

30 

Decelerate  to  0  mph 

45.00 

31 

60  Second  Idle 

- 

32 

Shut  off  Engine 

- 
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Speed/Distance  City  Route  Profile 


Distance,  Miles 


Figure  2.  City  Route  Profile 


D.  Test  Matrix 

The  test  matrix  consisted  of  eight  segments,  each  of  which  constisted  of  three  valid  runs.  Both 
trucks  were  operated  simultaneously  for  each  run.  Baseline  differential  fluid 
(L0272251/L03 10413)  was  used  in  the  control  truck  (Truck  01)  for  all  segments.  Two  test 
differential  fluids  (L03 10412  &  LO278907/LO3 10410,  respectively)  were  evaluated  in  the  test 
truck  (Truck  02)  for  the  test  segments.  A  double  flush  was  performed  when  changing 
differential  fluids  in  the  test  truck.  A  single  drain  and  fill  was  performed  on  the  control  truck 
each  time  the  test  truck  fluid  was  changed.  Each  flush  consisted  of  driving  the  truck  for  15 
minutes,  draining  the  differential  fluid  from  the  4  axles  and  8  hubs,  then  adding  the  new 
differential  fluid.  A  description  of  the  test  matrix  is  shown  in  Table  3. 
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Tables.  Test  Matrix 


Differential  Fluid 

Segment 

Lap 

Truck  01  Double  Flush  to 
LO272251/LO310413 

Baseline  #1 

Highway  Lap  #1 

Flighway 

Highway  Lap  #2 

Segment 

Highway  Lap  #3 

Truck  02  Double  Flush  to 
LO272251/LO310413 

Baseline  #1  City 
Segment 

City  Lap  #1 

City  Lap  #2 

City  Lap  #3 

Truck  01  Drain  and  fill  to 
LO272251/LO310413 

Test  #1  Highway 
Segment 

Highway  Lap  #1 

Highway  Lap  #2 

Highway  Lap  #3 

Truck  02  Double  Flush  to 

LO310412 

Test#l  City 
Segment 

City  Lap  #1 

City  Lap  #2 

City  Lap  #3 

Truck  01  Double  Flush  to 
LO272251/LO310413 

Test  #2  Highway 
Segment 

Highway  Lap  #1 

Highway  Lap  #2 

Highway  Lap  #3 

Truck  02  Double  Flush  to 
L0278907/L0310410 

Test  #2  City 
Segment 

City  Lap  #1 

City  Lap  #2 

City  Lap  #3 

Truck  01  Drain  and  fill  to 
LO272251/LO310413 

Baseline  #2 

Highway  Lap  #1 

Highway 

Highway  Lap  #2 

Segment 

Highway  Lap  #3 

Truck  02  Double  Flush  to 
LO272251/LO310413 

Baseline  #2  City 
Segment 

City  Lap  #1 

City  Lap  #2 

City  Lap  #3 

The  Weather  data  during  the  segments  was  obtained  from  a  portable  weather  station  set  on  the 
interior  of  the  track.  The  weather  data  includes:  air  temperature,  wind  speed,  and  relative 
humidity.  No  weather  corrections  were  performed  on  the  fuel  economy  data.  The  SAE  J1321 
(Revision  2012-02)  Recommended  Practice  establishes  weather  limits  for  testing  including  limits 
in  wind  and  temperature  variation  for  each  run,  segment,  and  overall  test.  Due  to  the  slower  than 
typical  vehicle  speeds  (<  60  mph)  and  an  already  modified  procedure  (<  50  mile  route)  the 
weather  parameters  were  not  used  to  determine  lap  validity.  Collected  weather  data  can  be  found 
in  Appendix  A  along  with  the  constraints  set  by  the  SAE  J1321  (Revision  2012-02) 
Recommended  Practice. 

Each  day  prior  to  running  the  route,  tire  inflation  pressures  were  checked  and  adjusted  to  the 
proper  level.  The  trucks  then  performed  a  1  hour  warm-up  as  recommended  by  the  SAE  J1321 
(Revision  2012-02)  Recommended  Practice.  Additional  inspections  were  performed  on  the 
vehicle  prior  to  start,  after  warm-up,  between  test  runs,  and  at  the  end  of  each  day.  This  standard 
practice  was  performed  to  ensure  validity  in  each  vehicle  test  run. 
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III.  TEST  RESULTS 

Each  lap  of  testing  resulted  in  a  ratio  of  the  fuel  used  by  the  Test  Truek  to  the  Control  Truek 
(T/C  ratio).  A  minimum  of  three  T/C  ratios  were  required  for  eaeh  segment.  The  resulting  T/C 
ratios  were  used  to  calculate  the  fuel  saved  and  the  fuel  improvement  when  comparing  the 
baseline  and  test  segments.  Additionally,  the  T/C  ratios  were  used  to  determine  a  95% 
eonfidence  interval  for  eaeh  result  per  the  J1321  proeedure.  Only  valid  laps  were  considered  in 
the  analysis  of  the  fuel  consumption  data.  A  lap  was  considered  valid  if  the  lap  time  fell  within 
0.25%  of  the  first  baseline  run  for  the  truck  and  the  first  baseline  run  time  eould  also  not  differ 
more  than  0.50%  between  Truek  01  and  Truck  02.  A  summary  of  the  resulting  T/C  ratios  ean  be 
seen  in  Table  4.  The  T/C  ratios  and  lap  times  are  shown  in  Appendix  B.  A  summary  of  the  test 
results  are  shown  in  Table  5  and  Eigure  3.  Eor  eonsistency,  both  test  segments  are  compared  to 
the  first  baseline  segment. 


Table  4:  Resulting  T/C  Ratios 


Baseline  (Hiehwavl  Segment  #1 

1  Run#l 

Run  #2 

Run  #3  1 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Fuel  Consumed  by 

Test  Truck 

Control  Truck 

Test  Truck 

Control  Truck 

Test  Truck 

Control  Truck 

64.30  lbs 

68.40  lbs 

63.35  lbs 

67.50  lbs 

62.90  lbs 

66.80  lbs 

Baseline  (Highway)  T/C  Ratio  #1 

Baseline  (Highway)  T/C  Ratio  #2 

Baseline  (Highway)  T/C  Ratio  #3 

0.9401 

0.9385 

0.9416 

Average  T/C  Ratio  for  Baseline  (Highway)  Segment 

0.9401 

Baseline  tCitvl  Segment  #1 

1  Run#l 

Run  #2 

Run  #3  1 

1  70.30  lbs 

74.05  lbs 

69.15  lbs 

73.35  lbs 

68.20  lbs 

72.95  lbs  1 

1  0.9494 

0.9427 

0.9349  1 

0.9423 

Test  tHighwavl  Segment  #1 

1  Run#l 

Run  #2 

Run  #3  1 

1  66.40  lbs 

69.25  lbs 

65.70  lbs 

68.60  lbs 

64.40  lbs 

67.30  lbs  1 

1  0.9588 

0.9577 

0.9569  1 

0.9578 

Test  fCitvl  Segment  #1 

1  Run#l 

Run  #2 

Run  #3  1 

1  71.75  lbs 

74.55  lbs 

70.10  lbs 

72.45  lbs 

69.55  lbs 

71.35  lbs  1 

1  0.9624 

0.9676 

0.9748  1 

0.9683 

Test  tHighwavl  Segment  #2 

1  Run#l 

Run  #2 

Run  #3  1 

1  62.55  lbs 

66.85  lbs 

61.45  lbs 

65.85  lbs 

61.50  lbs 

65.75  lbs  1 

1  0.9357 

0.9332 

0.9354  1 

0.9347 

Test  tCitv)  Segment  #2 

1  Run#l 

Run  #2 

Run  #3  1 

1  67.80  lbs 

73.00  lbs 

67.20  lbs 

71.95  lbs 

68.55  lbs 

72.60  lbs  1 

1  0.9288 

0.9340 

0.9442  1 

1  0.9357  1 
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Table  4:  Resulting  T/C  Ratios  Continued 


Baseline  (Highwavl  Sesment  #2 

Run  #1 

Run  #2 

Run  #3 

61.90  lbs  1  65.60  lbs 

61.30  lbs  1  63.95  lbs 

61.20  lbs  1  65.15  lbs 

0.9436 

0.9586 

0.9394 

0.9472 

Baseline  (Citv)  Segment  #2 

Run  #1 

Run  #2 

Run  #3 

70.40  lbs  1  73.65  lbs 

69.55  lbs  1  72.80  lbs 

67.75  lbs  1  71.75  lbs 

0.9559 

0.9554 

0.9443 

1  0.9518  1 

Tables.  Test  Results 


Baseline  #1 

vs. 

Test  #1 

Highway 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

-1.89% 

±  0.31% 

Improvement 

-1.85% 

±  0.31% 

City 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

-2.75% 

±  1.62% 

Improvement 

-2.68% 

±  1.58% 

Baseline  #1 

vs. 

Test  #2 

Highway 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

0.57% 

±  0.35% 

Improvement 

0.57% 

±  0.35% 

City 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

0.71% 

±  1.82% 

Improvement 

0.71% 

±  1.83% 

Baseline  #2 

vs. 

Test  #1 

Highway 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

-1.12% 

±  2.61% 

Improvement 

-1.11% 

±  2.58% 

City 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

-1.73% 

±  1.52% 

Improvement 

-1.70% 

±  1.49% 

Baseline  #2 

vs. 

Test  #2 

Highway 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.31% 

±  2.58% 

Improvement 

1.33% 

±  2.62% 

City 

Route 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.70% 

±  1.72% 

Improvement 

1.73% 

±  1.75% 
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Baseline  #1  vs.  Test  Oil  #1  and  Test  Oil  #2  Test  Results 


Test  #1  Highway 

Test  #2  Highway 

Test  #1  City 

Test  #2  City 

■  Fuel  Saved 

-1.89%  ±0.31% 

0.57%  ±0.35% 

-2.75%  ±  1.62% 

0.71%  ±1.82% 

■  Improvement 

-1.85%  ±0.31% 

0.57%  ±0.35% 

-2.68%  ±  1.58% 

0.71%  ±1.83% 

Figure  3.  Test  Results 
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Appendix  A 
Weather  Data 
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Test  #1  Highway  Weather  Data  Summary 
Baseline  #1  Highway  Segment  and  Test  #1  Highway  Segment 


Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

5.42 

2.77 

9.21 

— 

70.40 

72.80 

2.40 

79.75 

Run  #2 

3.64 

0.63 

10.28 

1.78 

71.90 

84.20 

12.30 

64.09 

Run  #3 

5.03 

0.63 

13.50 

1.78 

81.50 

86.50 

5.00 

47.76 

Segment 

4.69 

0.63 

13.50 

1.78 

70.40 

86.50 

16.10 

63.87 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Test  Segment 

Mean  Wind 

Speed 

Min  Wind 

Speed 

Max  Wind 

Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

*13.16 

7.42 

*18.86 

— 

73.90 

77.50 

3.60 

65.25 

Run  #2 

*12.67 

6.71 

*20.29 

0.49 

77.60 

83.90 

6.30 

52.14 

Run  #3 

11.08 

3.13 

*19.21 

2.08 

84.10 

89.60 

5.50 

40.40 

Segment 

*12.31 

3.13 

*20.29 

2.08 

73.90 

89.60 

15.70 

52.59 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

8.50 

0.63 

*20.29 

*9.53 

70.40 

89.60 

19.20 

58.23 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

*Indicates  weather  parameters  that  are  out  of  the  SAE  J1321  (Revision  2012-02)  Recommendation 


A-1  of22 


Southwest  RiSfAncH 


SAE  J1321  on  Oshkosh  M1070  Vehicles 
July  14,  2015 


20638.01.701 


Baseline#!  Highway-Lap#! 


r  100 


0  -I - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1-  0 

0  10  20  30  40  50  60  70  80  90 

Test  Time  (min) 


♦  Wind  Speed  (mph)  BTemperature  (F)  X Relative  Humidity  {%) 


Baseline#!  Highway-Lap #2 


r  100 


0  10  20  30  40  50  60  70  80  90 


Test  Time  (min) 


♦  Wind  Speed  (mph) 


■  Temperature  (F)  X  Relative  Humidity  (%) 
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Baseline#!  Highway-Lap #3 
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Test#l  Highway-Lap  #1 
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A-4  of  22 


Southwest  Riscakch  intthute 


SAE  J1321  on  Oshkosh  M1070  Vehicles 
July  14,  2015 


20638.01.701 


Test#  1  Highway-Lap  #3 


r  100 


0  -I - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1-  0 

0  10  20  30  40  50  60  70  80  90 

Test  Time  (min) 


♦  WindSpeed  (mph)  BTemperature  (F)  X  Relative  Humidity  (%) 
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Test  #1  City  Weather  Data  Summary 
Baseline  #1  City  Segment  and  Test  #1  City  Segment 


Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

5.10 

1.70 

9.56 

— 

71.50 

79.10 

7.60 

69.62 

Run  #2 

5.87 

0.63 

12.78 

0.77 

79.20 

82.60 

3.40 

52.81 

Run  #3 

5.26 

0.63 

13.85 

0.77 

83.90 

90.20 

6.30 

40.47 

Segment 

5.41 

0.63 

13.85 

0.77 

71.50 

90.20 

18.70 

54.30 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Test  Segment 

Mean  Wind 

Speed 

Min  Wind 

Speed 

Max  Wind 

Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

11.39 

5.28 

*16.36 

— 

73.90 

84.20 

10.30 

56.30 

Run  #2 

6.73 

0.99 

14.93 

4.66 

83.90 

91.20 

7.30 

35.84 

Run  #3 

5.70 

0.99 

13.14 

*5.68 

90.70 

96.50 

5.80 

27.78 

Segment 

7.94 

0.99 

*16.36 

*5.68 

73.90 

96.50 

22.60 

39.97 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

6.68 

0.63 

*16.36 

*6.28 

71.50 

96.50 

25.00 

47.14 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

*Indicates  weather  parameters  that  are  out  of  the  SAE  J1321  (Revision  2012-02)  Recommendation 
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Baseline#!  City-Lap  #1 
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Test#l  City-Lap  #3 
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Test  #2  Highway  Weather  Data  Summary 
Baseline  #1  Highway  Segment  and  Test  #2  Highway  Segment 


Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

5.42 

2.77 

9.21 

— 

70.40 

72.80 

2.40 

79.75 

Run  #2 

3.64 

0.63 

10.28 

1.78 

71.90 

84.20 

12.30 

64.09 

Run  #3 

5.03 

0.63 

13.50 

1.78 

81.50 

86.50 

5.00 

47.76 

Segment 

4.69 

0.63 

13.50 

1.78 

70.40 

86.50 

16.10 

63.87 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Test  Segment 

Mean  Wind 

Speed 

Min  Wind 

Speed 

Max  Wind 

Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

3.74 

0.63 

7.78 

— 

72.50 

82.70 

10.20 

60.51 

Run  #2 

3.89 

0.63 

10.64 

0.15 

81.30 

88.10 

6.80 

44.97 

Run  #3 

5.69 

0.63 

13.14 

1.95 

87.60 

91.60 

4.00 

38.02 

Segment 

4.44 

0.63 

13.14 

1.95 

72.50 

91.60 

19.10 

47.84 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

4.57 

0.63 

13.50 

2.05 

70.40 

91.60 

21.20 

55.85 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

*Indicates  weather  parameters  that  are  out  of  the  SAE  J1321  (Revision  2012-02)  Recommendation 
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Test  #2  City  Weather  Data  Summary 
Baseline  #1  City  Segment  and  Test  #2  City  Segment 


Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

5.10 

1.70 

9.56 

— 

71.50 

79.10 

7.60 

69.62 

Run  #2 

5.87 

0.63 

12.78 

0.77 

79.20 

82.60 

3.40 

52.81 

Run  #3 

5.26 

0.63 

13.85 

0.77 

83.90 

90.20 

6.30 

40.47 

Segment 

5.41 

0.63 

13.85 

0.77 

71.50 

90.20 

18.70 

54.30 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Test  Segment 

Mean  Wind 

Speed 

Min  Wind 

Speed 

Max  Wind 

Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

3.42 

0.63 

7.42 

— 

71.70 

82.30 

10.60 

63.46 

Run  #2 

5.17 

0.63 

11.71 

1.75 

82.10 

87.70 

5.60 

47.10 

Run  #3 

8.39 

1.35 

*18.14 

4.97 

87.80 

91.60 

3.80 

29.22 

Segment 

5.66 

0.63 

*18.14 

4.97 

71.70 

91.60 

19.90 

46.59 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

5.54 

0.63 

18.14 

4.97 

71.50 

91.60 

20.10 

50.45 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

*Indicates  weather  parameters  that  are  out  of  the  SAE  J1321  (Revision  2012-02)  Recommendation 
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Baseline  Highway  Weather  Data  Comparison 
Baseline  #1  Highway  Segment  and  Baseline  #2  Highway  Segment 


Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

5.42 

2.77 

9.21 

— 

70.40 

72.80 

2.40 

79.75 

Run  #2 

3.64 

0.63 

10.28 

1.78 

71.90 

84.20 

12.30 

64.09 

Run  #3 

5.03 

0.63 

13.50 

1.78 

81.50 

86.50 

5.00 

47.76 

Segment 

4.69 

0.63 

13.50 

1.78 

70.40 

86.50 

16.10 

63.87 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Baseline 

Mean  Wind 

Min  Wind 

Max  Wind 

Variation  in 

Min  Temp 

Max  Temp 

Variation  in 

Average 

Segment  #2 

Speed 

Speed 

Speed 

Wind  Speed 

Temp 

Humidity 

Run#l 

2.26 

0.63 

4.92 

— 

83.60 

92.50 

8.90 

34.18 

Run  #2 

4.01 

0.63 

10.99 

1.76 

92.00 

99.50 

7.50 

24.55 

Run  #3 

5.82 

0.99 

14.57 

3.56 

98.80 

*102.60 

3.80 

17.86 

Segment 

4.03 

0.63 

14.57 

3.56 

83.60 

*102.60 

19.00 

25.53 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

4.36 

0.63 

14.57 

3.56 

70.40 

*102.60 

*32.20 

44.70 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

*Indicates  weather  parameters  that  are  out  ofthe  SAE  J1321  (Revision  2012-02)  Recommendation 
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Baseline  City  Weather  Data  Comparison 
Baseline  #1  City  Segment  and  Baseline  #2  City  Segment 


Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Run#l 

5.10 

1.70 

9.56 

— 

71.50 

79.10 

7.60 

69.62 

Run  #2 

5.87 

0.63 

12.78 

0.77 

79.20 

82.60 

3.40 

52.81 

Run  #3 

5.26 

0.63 

13.85 

0.77 

83.90 

90.20 

6.30 

40.47 

Segment 

5.41 

0.63 

13.85 

0.77 

71.50 

90.20 

18.70 

54.30 

Constraint 

<12(mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  {%) 

Baseline 

Mean  Wind 

Min  Wind 

Max  Wind 

Variation  in 

Min  Temp 

Max  Temp 

Variation  in 

Average 

Segment  #2 

Speed 

Speed 

Speed 

Wind  Speed 

Temp 

Humidity 

Run#l 

6.77 

2.42 

*17.43 

— 

70.80 

74.50 

3.70 

66.80 

Run  #2 

4.45 

0.99 

12.07 

2.32 

75.50 

86.90 

11.40 

47.88 

Run  #3 

6.80 

0.99 

12.78 

2.35 

77.90 

87.70 

9.80 

50.84 

Segment 

6.01 

0.99 

*17.43 

2.35 

70.80 

87.70 

16.90 

55.18 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

Overall  Data 

Summary 

Mean  Wind 
Speed 

Min  Wind 
Speed 

Max  Wind 
Speed 

Variation  in 
Wind  Speed 

Min  Temp 

Max  Temp 

Variation  in 

Temp 

Average 

Humidity 

Overall 

5.71 

0.63 

*17.43 

2.35 

70.80 

90.20 

19.40 

54.74 

Constraint 

<12  (mph) 

na  (mph) 

<15  (mph) 

<5  (mph) 

>40“  (F) 

<100“  (F) 

<30“  (F) 

na  (%) 

*Indicates  weather  parameters  that  are  out  of  the  SAE  J1321  (Revision  2012-02)  Recommendation 
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Appendix  B 

T/C  Ratios  &  Lap  Times 
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Test  #1  Highway  TC  Ratios  and  Lap  Times 
Baseline  #1  Highway  Segment  and  Test  #1  Highway  Segement 


1  Baseline  #  1  Highway  Lap  Times  (Target  Time:  1:27:12) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:27:11 

1:27:09 

0.038% 

Truck  01 

Truck  02 

Run  #2 

1:27:11 

1:27:05 

0.000% 

-0.076% 

Run  #3 

1:27:10 

1:27:09 

-0.019% 

0.000% 

Test  #  1  Highway  Lap  Times  (Target  Time:  1:27:12) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:27:11 

1:27:11 

0.000% 

0.038% 

Run  #2 

1:27:12 

1:27:10 

0.019% 

0.019% 

Run  #3 

1:27:11 

1:27:11 

0.000% 

0.038% 

Truck  01 


Baseline  #  1  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


68.40 


67.50 


Truck  02 


64.30 


63.35 


66.80 


62.90 


Truck  01 


Test  #  1  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


69.25 


68.60 


Truck  02 


66.40 


65.70 


67.30 


64.40 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

-1.89% 

±  0.31% 

Improvement 

-1.85% 

±  0.31% 
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Test  #1  City  TC  Ratios  and  Lap  Times 
Baseline  #1  City  Segment  and  Test  #1  City  Segement 


1 

Baseline  #  1  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:48:36 

1:48:32 

0.061% 

Truck  01 

Truck  02 

Run  #2 

1:48:30 

1:48:30 

-0.092% 

-0.031% 

Run  #3 

1:48:31 

1:48:31 

-0.077% 

-0.015% 

Test  #  1  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:48:31 

1:48:32 

-0.077% 

0.000% 

Run  #2 

1:48:32 

1:48:31 

-0.061% 

-0.015% 

Run  #3 

1:48:31 

1:48:31 

-0.077% 

-0.015% 

Truck  01 


Baseline  #  1  City  Fuel  Weights 
T/C  Ratio 


Fuel  Consumed  (lbs) 


74.05 


73.35 


Truck  02 


70.30 


69.15 


0.9494 


0.9427 


72.95 


68.20 


0.9349 


1.524% 


Truck  01 


Test  #  1  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


74.55 


72.45 


Truck  02 


71.75 


70.10 


71.35 


69.55 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

-2.75% 

±  1.62% 

Improvement 

-2.68% 

±  1.58% 
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Test  #2  Highway  TC  Ratios  and  Lap  Times 
Baseline  #1  Highway  Segment  and  Test  #2  Highway  Segement 


Baseline  #  1  Highway  Lap  Times  (Target  Time:  1:27:12) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:27:11 

1:27:09 

0.038% 

Truck  01 

Truck  02 

Run  #2 

1:27:11 

1:27:05 

0.000% 

-0.076% 

Run  #3 

1:27:10 

1:27:09 

-0.019% 

0.000% 

Test  #  2  Highway  Lap  Times  (Target  Time:  1:27:12) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:27:11 

1:27:10 

0.000% 

0.019% 

Run  #2 

1:27:10 

1:27:10 

-0.019% 

0.019% 

Run  #3 

1:27:11 

1:27:10 

0.000% 

0.019% 

Truck  01 


Baseline  #  1  Highway  Fuel  Weights 
T/C  Ratio 


Fuel  Consumed  (lbs) 


68.40 


67.50 


Truck  02 


64.30 


63.35 


0.9401 


0.9385 


66.80 


62.90 


0.9416 


0.166% 


Truck  01 


Test  #  2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


66.85 


65.85 


Truck  02 


62.55 


61.45 


65.75 


61.50 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

0.57% 

±  0.35% 

Improvement 

0.57% 

±  0.35% 
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Test  #2  City  TC  Ratios  and  Lap  Times 
Baseline  #1  City  Segment  and  Test  #2  City  Segement 


1 

Baseline  #  1  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:48:36 

1:48:32 

0.061% 

Truck  01 

Truck  02 

Run  #2 

1:48:30 

1:48:30 

-0.092% 

-0.031% 

Run  #3 

1:48:31 

1:48:31 

-0.077% 

-0.015% 

Test  #  2  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:48:33 

1:48:32 

-0.046% 

0.000% 

Run  #2 

1:48:32 

1:48:32 

-0.061% 

0.000% 

Run  #3 

1:48:30 

1:48:32 

-0.092% 

0.000% 

Truck  01 


Baseline  #  1  City  Fuel  Weights 
T/C  Ratio 


Fuel  Consumed  (lbs) 


74.05 


73.35 


Truck  02 


70.30 


69.15 


0.9494 


0.9427 


72.95 


68.20 


0.9349 


1.524% 


Truck  01 


Test  #  2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


73.00 


71.95 


Truck  02 


67.80 


67.20 


72.60 


68.55 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

0.71% 

±  1.82% 

Improvement 

0.71% 

±  1.83% 
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Test  #1  Highway  TC  Ratios  and  Lap  Times 
Baseline  #2  Highway  Segment  and  Test  #1  Highway  Segement 


Baseline  #  2  Highway  Lap  Times  (Target  Time:  1:27:12) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:27:11 

1:27:10 

0.019% 

Truck  01 

Truck  02 

Run  #2 

1:27:10 

1:27:08 

-0.019% 

-0.038% 

Run  #3 

1:27:11 

1:27:11 

0.000% 

0.019% 

Test  #  1  Highway  Lap  Times  (Target  Time:  1:27:12) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:27:11 

1:27:11 

0.000% 

0.019% 

Run  #2 

1:27:12 

1:27:10 

0.019% 

0.000% 

Run  #3 

1:27:11 

1:27:11 

0.000% 

0.019% 

Truck  01 


Baseline  #  2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


65.60 


63.95 


Truck  02 


61.90 


61.30 


65.15 


61.20 


Truck  01 


Test  #  1  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


69.25 


68.60 


Truck  02 


66.40 


65.70 


67.30 


64.40 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

-1.12% 

±  2.61% 

Improvement 

-1.11% 

±  2.58% 
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Test  #1  City  TC  Ratios  and  Lap  Times 
Baseline  #2  City  Segment  and  Test  #1  City  Segement 


1 

Baseline  #  2  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:48:30 

1:48:31 

0.015% 

Truck  01 

Truck  02 

Run  #2 

1:48:33 

1:48:31 

0.046% 

0.000% 

Run  #3 

1:48:30 

1:48:32 

0.000% 

0.015% 

Test  #  1  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:48:31 

1:48:32 

0.015% 

0.015% 

Run  #2 

1:48:32 

1:48:31 

0.031% 

0.000% 

Run  #3 

1:48:31 

1:48:31 

0.015% 

0.000% 

Truck  01 


Baseline  #  2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


73.65 


72.80 


Truck  02 


70.40 


69.55 


71.75 


67.75 


Truck  01 


Test  #  1  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


74.55 


72.45 


Truck  02 


71.75 


70.10 


71.35 


69.55 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

-1.73% 

±  1.52% 

Improvement 

-1.70% 

±  1.49% 
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Test  #2  Highway  TC  Ratios  and  Lap  Times 
Baseline  #2  Highway  Segment  and  Test  #2  Highway  Segement 


Baseline  #  2  Highway  Lap  Times  (Target  Time:  1:27:12) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:27:11 

1:27:10 

0.019% 

Truck  01 

Truck  02 

Run  #2 

1:27:10 

1:27:08 

-0.019% 

-0.038% 

Run  #3 

1:27:11 

1:27:11 

0.000% 

0.019% 

Test  #  2  Highway  Lap  Times  (Target  Time:  1:27:12) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:27:11 

1:27:10 

0.000% 

0.000% 

Run  #2 

1:27:10 

1:27:10 

-0.019% 

0.000% 

Run  #3 

1:27:11 

1:27:10 

0.000% 

0.000% 

Truck  01 


Baseline  #  2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


65.60 


63.95 


Truck  02 


61.90 


61.30 


65.15 


61.20 


Truck  01 


Test  #  2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


66.85 


65.85 


Truck  02 


62.55 


61.45 


65.75 


61.50 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.31% 

±  2.58% 

Improvement 

1.33% 

±  2.62% 
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Test  #2  City  TC  Ratios  and  Lap  Times 
Baseline  #2  City  Segment  and  Test  #2  City  Segement 


1 

Baseline  #  2  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:48:30 

1:48:31 

0.015% 

Truck  01 

Truck  02 

Run  #2 

1:48:33 

1:48:31 

0.046% 

0.000% 

Run  #3 

1:48:30 

1:48:32 

0.000% 

0.015% 

Test  #  2  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:48:33 

1:48:32 

0.046% 

0.015% 

Run  #2 

1:48:32 

1:48:32 

0.031% 

0.015% 

Run  #3 

1:48:30 

1:48:32 

0.000% 

0.015% 

Truck  01 


Baseline  #  2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


73.65 


72.80 


Truck  02 


70.40 


69.55 


71.75 


67.75 


Truck  01 


Test  #  2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


73.00 


71.95 


Truck  02 


67.80 


67.20 


72.60 


68.55 


1  Test  Results 

Nominal 

Confidence  Interval 

Fuel  Saved 

1.70% 

±  1.72% 

Improvement 

1.73% 

±  1.75% 
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Baseline  Highway  TC  Ratios  and  Lap  Times  Comparison 
Baseline  #1  Highway  Segment  and  Baseline  #2  Highway  Segement 


Baseline  #  1  Highway  Lap  Times  (Target  Time:  1:27:12) 

Run#l 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

1:27:11 

1:27:09 

0.038% 

Truck  01 

Truck  02 

Run  #2 

1:27:11 

1:27:05 

0.000% 

-0.076% 

Run  #3 

1:27:10 

1:27:09 

-0.019% 

0.000% 

Baseline  #  2  Highway  Lap  Times  (Target  Time:  1:27:12) 

Run#l 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

1:27:11 

1:27:10 

0.000% 

0.019% 

Run  #2 

1:27:10 

1:27:08 

-0.019% 

-0.019% 

Run  #3 

1:27:11 

1:27:11 

0.000% 

0.038% 

Truck  01 


Baseline  #  1  Highway  Fuel  Weights 
T/C  Ratio 


Fuel  Consumed  (lbs) 


68.40 


67.50 


Truck  02 


64.30 


63.35 


0.9401 


0.9385 


66.80 


62.90 


0.9416 


0.166% 


Truck  01 


Baseline#  2  Highway  Fuel  Weights 


Fuel  Consumed  (lbs) 


65.60 


63.95 


Truck  02 


61.90 


61.30 


65.15 


61.20 


1  Change  in  Highway  Baseline 

Nominal 

Confidence  Interval 

Fuel  Saved 

-0.76% 

±  2.58% 

Improvement 

-0.75% 

±  2.56% 
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Baseline  City  TC  Ratios  and  Lap  Times  Comparison 
Baseline  #1  City  Segment  and  Baseline  #2  City  Segement 


1 

Baseline  #  1  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Time  Diffference 

Truck  01 

Truck  02 

Initial  <0.5% 

Repeat  ±0.25% 

Run#l 

1:48:36 

1:48:32 

0.061% 

Truck  01 

Truck  02 

Run  #2 

1:48:30 

1:48:30 

-0.092% 

-0.031% 

Run  #3 

1:48:31 

1:48:31 

-0.077% 

-0.015% 

Baseline  #  2  City  Lap  Times  (Target  Time:  1:48:30) 

Lap  Time 

Repeat  ±0.25% 

Truck  01 

Truck  02 

Truck  01 

Truck  02 

Run#l 

1:48:30 

1:48:31 

-0.092% 

-0.015% 

Run  #2 

1:48:33 

1:48:31 

-0.046% 

-0.015% 

Run  #3 

1:48:30 

1:48:32 

-0.092% 

0.000% 

Truck  01 


Baseline  #  1  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


74.05 


73.35 


Truck  02 


70.30 


69.15 


72.95 


68.20 


Truck  01 


Baseline  #  2  City  Fuel  Weights 


Fuel  Consumed  (lbs) 


73.65 


72.80 


Truck  02 


70.40 


69.55 


71.75 


67.75 


1  Change  in  City  Baseline 

Nominal 

Confidence  Interval 

Fuel  Saved 

-1.01% 

±  1.66% 

Improvement 

-1.00% 

±  1.65% 
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Appendix  C 
Test  Result  Graph 
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Baseline  #1  vs.  Test  Oil  #1  and  Test  Oil  #2  Test  Results 

3.00%  n - 


2.00% 


1.00% 


0.00%  - 


-1.00% 


-2.00% 


-3.00% 


-4.00% 


Test  #1  Highway 

Test  #2  Highway 

Test  #1  City 

Test  #2  City 

■  Fuel  Saved 

-1.89%  ±0.31% 

0.57%  ±  0.35% 

-2.75%  ±  1.62% 

0.71%  ±  1.82% 

■  Improvement 

-1.85%  ±0.31% 

0.57%  ±  0.35% 

-2.68%  ±  1.58% 

0.71%  ±1.83% 
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Change  in  Highway  Baseline 


3.50% 

2.50% 

1.50% 

0.50% 


-0.50% 


-1.50% 


-2.50% 


-3.50% 


-0.76% 

±2.58%  -0.75% 

±  2.56% 

■  FuelSaved  ■Improvement 


0.75% 

0.25% 


-0.25% 


-0.75% 


-1.25% 


-1.75% 


-2.25% 


-2.75% 


Change  in  City  Baseline 


-1.01% 


±  1.66% 


-1.00% 


±  1.65% 


■  FuelSaved  ■Improvement 
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Appendix  D 
Photos 
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Campbell  CR3000 
Datalogger 
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